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REPORT OF HYDROGEOLOGIC INVESTIGATION 
AND GROUNDWATER EVALUATION 
ORTHO-CHEVRON CHEMICAL COMPANY PLANT 
MARYLAND HEIGHTS, MISSOURI 

Dear Don: 

We are pleased to enclose this report of our hydrogeologic investigation 
and groundwater evaluation at the Ortho-Chevron Chemical Company plant 
in Maryland Heights, Missouri. This assessment of site conditions was 
performed in general accordance with our proposal to you dated January 16, 
1981. 

We have presented a discussion of our findings in this assessment in-
cluding the concentration levels of constituents encountered in samples 
of soil and groundwater. We recommend additional analyses to confirm 
and extend these findings. 

Please contact us with your comments regarding our investigation and 
this report. 

Ver yours, 
\ 

i  

. . Campbel , P. E. 
ice Preside t 

Donald M. uncan, P. E. 
Vice President 

JDC:DMD:baf 

enc. 

Consulting Engineers, Geologists 
and Environmental Scientists 

Offices in Other Principal Cities o 
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SUMMARY 

Thirty-four soil borings were drilled during the field investigation 

conducted at the Ortho-Chevron Company Plant in Maryland Heights, Missouri. 

Borings were logged and soil samples were obtained at selected depths 

for engineering index testing and chemical analyses. The general sub-

surface profile consists of up to 8 feet of fill at the surface overlying 

15 to 20 feet of stiff, brown, silty clay (loess). Underlying the loess 

is approximately 5 feet of highly plastic residual clay and beneath the 

clay is shale. The thickness of the shale is quite variable and in some 
. _ 

places the shale is completely weathered to clay. Limestone was encountered 

beneath the shale and at depths ranging from approximately 30 to 70 feet. 
• 

Fifteen of the soil borings were completed as groundwater observation 

wells. Groundwater levels were monitored and groundwater samples were 

obtained for chemical analyses. The depth to groundwater varied from 

approximately 2 feet on the east side of the plant to approximately - •-

10 feet on the west. The general direction of groundwater flow is to 
- 

the west-northwest with an average gradient of approximately 0.021 foot 

per foot. 

Two soil samples which appeared to be contaminated were analyzed 

for arsenic and organic pesticides. The analytical results presented in 
- - -• • - 

Tables 7, 9, and 10 indicate significant concentrations of arsenic and 

organic pesticides were detected in these soil samples. Near-surface 

soils which contain arsenic and organic pesticides may distribute these 

constituents to the environment through surface run-off, wind erosion or 
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leaching  into the  groundwater. A $oil survqy has been recommended to 
_ . _ 

identify those areas of the site where arsenic and pesticides are present 

and to measure the concentrations in the soil. 

Samples from the sedime. .. -- ~_r nts and soil beneath the storm water retention _ _ - ._._. _.. . 

pond and one composite soil sample obtained from the soil-debris waste 

pile were submitted to the laboratory for EP toxicity testing. The test 

results are presented in Table 11 and indicate that these materials do 

not exhibit the characteristics of a hazardous waste as defined byEL 

toxicity. These materials may still be classified as hazardous wastes 
• 

if they are contaminated by an EPA listed hazardous waste and intended ---------- - - - - • - - - - ^ _ - - ̂  - - + - - 
for disposal. Further review of these materials to establish a hazardous/ 

• 
• 

non-hazardous classification has been recommended. Precautions should 

be taken when handling and disposing of these materials. 

The analytical results for the groundwater samples obtained from 

fourteen wells are presented in Appendix F. The_distribution of the , 

various groundwater constituents as measured in each well around the 

( r" 

--? 

/ 
\ 

• 

0 
site are presented in Figures 8 through 36. The test results indicate 

that the concentrations of chemical constituents in the groundwater 

entering the site from upgradient are relatively low and that the area •  

with the highestmeasured pesticide concentrations is in the centrally _ _ _    
• 

- 
located processfng_and handling area, in the vicinity of wellsc0WC-6,) _  

7, 8, 10 and 11.-..,_ The lack of continuity of measured concentrations 
- . • - . 

between wells appears to indicate the presence of isolated individual 

contaminant sources. Table 12 presents the analytical results for the ---------------
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organic constituents and selected inorganic constituents measured in 

each well and for comparison EPA drinking water standards and Missouri 

groundwater recharge standards. 

The mass flow rate of groundwater through the area near 0WC-6, 7, 
- 

8, 10 and 11 has been estimated at approximately 600 gallons per day to 

the west-northwest. The estimated potential distancq the groundwater 

could travel in twenty-five_years_may_beA50D to_lpoo feet. 
_ . 

These estimates of groundwater flow are based on (1) average site 

conditions as estimated from the information obtained during this in-
t 

vestigation, and (2) the assumption that the average conditions are 

uniformly representative across the site. The actual conditions at any 

location on the site will vary from the estimated average conditions, 

and we expect that our estimates will change as additional information 

about the site conditions becomes available. Using the maximum permeability 

measured during this investigation, the distance traveled by the ground-

water would be increased by a factor of three (i.e., 1500 to 3000 feet). 

The actual distance traveled by groundwater contaminants is expected 

to be mitigated 4.1, 5_01 sorption. Sily clay soils have a high affinity 

for organic compounds. Because of the low solubility of organic pesticides 
• 

in water and the estimated slow rate of groundwater movement, organics -._____ 

from any potential _ recent_ sources-are-likely-to-be-contained 'n the 
• 

general vicinity of the source. 
• 

The contaminant flux or the mass flow rate of contaminants in the 

groundwater was estimated by two methods: 

1. The concentrations of all the organic pesticides detected in 
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wells OWC-6, 7, 8, 10 and 11 were summed and an average concentration 

was calculated. The contaminant flux using this average concentration 

is estimated to be less than approximately 1 gram per day. 

2. The concentrations of total organic carbon in wells OWC-6, 7, 

8, 10 and 11 were averaged since total organic carbon would include the 

organic pesticides, organic carrier materials, and miscellaneous organics 

in the groundwater. On this basis the contaminant flux is estimated to 

be less than•approximately.100.grams per day. 
• ••• • •• ••• • ••.• 

-2 /L04 
,.  

These estimates of contaminant flux are based on the groundwater 

flow estimates discussed above and the average concentrations of pesticides 

and total organic carbon from a limited number of groundwater samples. 

We expect our estimates of contaminant flux will change as additional 

information about the actual site conditions becomes available. The 

installation of additional wells, additional sampling and chemical 

analyses including permeability testing could indicate anomalies at the 
• . 

site, which would significantly affect our estimate of groundwater flow 

and contaminant flux. 

Based on the analyses of the groundwater samples obtained from the 

monitoring wells installed to date, it appears that the migration of 

organic and arsenic compounds may still be contained on site. However, 

the installation of additional wells along the north property line is 

recommended to better monitor flow across this boundary. - - . - - 

While precautions have been taken to obtain representative ground-

water samples, this site assessment is nonetheless based on the analyses 
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of a single set of groundwater samples obtained at one point in time. 
..... 

The recommendations presented include the installation of four additional 

wells and additional sets of groundwater analyses to.confirm the evaluation 

of groundwater conditions presented in this report. 

Recommendations have been presented for the development of a remedial 
. _ 

action program to remove or contain sources of continued contamination 
_ . 

present on site. Such a program would be designed based on the results 

of the proposed soil survey and groundwater studies. 

•••••.••••••••••....••••••••• 
••••••••••• . 
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INTRODUCTION AND SCOPE OF WORK 

This report presents the resuits of our groundwater evaluation and 

hydrogeologic investigation conducted at the Ortho-Chevron Chemical 

Company Plant in Maryland Heights, Missouri. The field work was conducted 

from January 19 to February 27, 1981, as authorized by the Chevron 

Chemical Company, Mr. R. B. Macauley, Project Manager, and by letter 

from Mr. S. H. Kanes dated January 19, 1981. The purposes of this 

investigation were to: 

1. Evaluate the potential contamination of the soil and_ground-•   

water as a result of past production activities and on-site disposal of 

waste materials; 

2. Evaluate the potential magnitude and extent of contaminant 

migration; 

3. Select samples for analy ,sis and classification as hazardous Q _~~..r-,..._ 

waste materials; and 

4. Assess site conditions with respect to government regulations •____ 

and recommended _W.4ter quaiity .cr.i teria.. eAr 

Existing geological information was reviewed prior to the field 

investigation. During the field investigation, borings were drilled at 

thirty-four locations on the site to obtain soil samples Which were 

retained for engineering classification and, if required, chemical 

analyses. Six boring locations were added during the field investigation 

to the proposed boring locations at the request of Chevron. Soil samples 

were also obtained at Chevron's request from a soil-debris waste pile on 

site. Fifteen of the soil borings were completed as groundwater observation 
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wells including thre6 sets of nested wells. The nested wells consist of - 
two separate wells, installed at approximately the same location, with 

the screened portion of the wells installed over different depths within 

the same aquifer or installed in two separate aquifers or geologic 

formations. Field_pgrmeability .tests were conducted in selected wells, 

water levels were monitored, and groundwater samples were obtained for 

chemical analyses. 

The evaluation and management of surface water at the site and 

, 
c.v,—/ recommendations on design of remedial work for the control of contaminated 

(7' .1) 
groundwater incl.uding additional groundwater monitoring was outside the 

4,, scope of this project. If such work were required, we would be prepared 

to assist Chevron with the design and implementation of remedial works, 4(c 
(l'

 

- continuation of groundwater monitoring, personnel training, reviews with 

regulatory groups, and additional site evaluations as appropriate. 

SITE DESCRIPTION 

The Ortho-Chevron Chemical Company Plant is located along Adie Road 

in Maryland Heights, Missouri, as shown in Figure 1. A general site 

plan showing the layout of the plant is presented in Figure 2. Surface 

elevations at the site vary from a high of approximately 540 at the east - 
side of the site to elevation 510 at the west. Surface drainage is 

----------

generally to the west/northwest and a well-defined but intermittent 

drainage way flows from south to north near the west end of the site. 

The plant site is located in a drainage basin which is a tributary to 

Fee Fee Creek which in turn is a tributary to the Missouri River. 
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We understand that production processes at the plant are generally 

limited to formulating and packaging organic pesticides. Raw materials 

and finished goods are shipped to and from the site by rail and truck. 

Plant facilities include office buildings, a shower and lunchroom building, 

storage tanks, and two series of production buildings along two rail 

spurs. A small storm water retention pond is located near the northwest 

corner of the site. 

The Ortho-Chevron Chemical Company has been operating at this site 

for approximately twenty-five years. Based on our previous geotechnical 

investigations at this site and conversations with plant personnel, we 

understand that leaks and spills of pesticides and carrier products have - 

occurred in the past. We also understand that past practice may have 

included on-site disposal of certain waste materials, including the 

burial of debris from a previous fire. Several of the Oorings added — - -._ . ‘ 

during the field investigation were intended to investigate potential 

locations of buried materials. 

The plant is located in an established industrial area. Immediately - 

southeast and topographically and hydraulically upgradient from the 

plant is an abandoned brick-clay mine, see Figure 1. Until recently the 

abandoned mine was used as a St. Louis County sanitary landfill. The 

. 7 landfill is now closed and has a soil cover; however, the CoveraPPears 
;- , 

I /  A 

1)

, 0 

thin and vegetative cover is minimal.. Air photographs taken in 1961 
• 

indicate a mined area of approximately 27 acres. We were not able to 

determine the acreage and depth of the mine at the time it was abandoned 
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and landfilling began. The landfill is a potentially large groundwater 

recharge source and may contribute to the high groundwater levels en,-

countered at the Ortho-Chevron Plant site. Qdo.rs of  gas escaping from 

the landfill can be detected adjacent to the landfill, especially on f / ̀ L'~ , 

warm days. It is not known if any monttoriqg wells exist at the landfill. 

Groundwater monitoring wells were not observed along the perimeter of 

the landfill. 

Immediately east and also topographically and hydraulically_up-

gradient of the Ortho-Chevron Plant is a.long established fertilizer 

plant, see Figure 1. Various other small industrial and commercial 

operations are located in the general area of the 151ant. 

A field survey was made last fall by Mr. William Prosser (WCC) to 

determine if shallow water supply wells are in use within the general 

vicinity of the plant. A search was made of the Missouri Geological 

Survey records and personal interviews were conducted with people working • 

or residing within one-fourth mile of the plant. A total of sixwells 

identified is within one-fourth mile of_the plant site. The wells vary r' 
. . 

/ 
• 

in depth from 140 feet to 325 feet and penetrate through the Ste. Genevieve 

Limestone into the St. Louis Limestone formation and in some cases into 

the Spergen Formation. The available details for each well are summarized 

in Table 1. 

FIELD INVESTIGATION 

Exploratory Borings  

Thirtyrfour_borings were drilled at locations shown on the site 

plan, Figure 2. The borings were advanced to depths of up to 69.5 feet 
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using a truck-mounted 8-inch-diameter continuous-flight auger drill rig. 

Soil samples were obtained at selected depths by hydraulically pushing a 
- - 

2-inch-I.D. liner-tube sampling device. Samples of the rock encountered 

at the site were obtained from borings OWC-2 and OWC-12 using an NX-

sized double-tube core barrel. The borings were located in the field 

based upon the topographic map provided by Ortho-Chevron and were drilled 

under the supervision of Woodward-Clyde Consultants' geologist or engineer. 

Grade elevations at the boring locations were surveyed by Woodward-Clyde 

Consultants using the established bench marks located on the site. 

Elevations of ground surface and changes in soil strata are rounded to 

the nearest foot. 

During the field investigation, 233 soil samples (approximately 

seven samples per boring) were obtained. The samples were returned to 

our office and extruded at the end of the day or, when requested, the - 
samples were extruded in the field for viewing by Ortho-Chevron personnel. 

Once extruded, the samples were placed in glass jars which had been 

previously rinsed with an organic solvent (acetone) to prevent outside 

contamination. In the event that future examination of the samples is 

required, samples obtained at depths of less than 20 feet are currently 

stored under refrigeration at our office in St. Louis. Samples obtained 

at depths greater than 20 feet and samples selected for chemical analyses 

were shipped on ice to Wilson Laboratories in Salina, Kansas, where they 

are also stored under refrigeration. A11 samples will be refrigerated 

and stored until our services are terminated, after which they will be 

relinquished to Ortho-Chevron. 

q 
\ T, 

:\\ ' 

, - 
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Logs of the borings were prepared based upon observations of the 

auger cuttings, drilling characteristics, and recovered samples. The 

logs were subsequently modified, as necessary, based on the laboratory 

test results. The detailed boring logs are presented in Appendix A. 

Borings not completed as wells were pumped full with a cement-bentonite 

grout. 

Observation Well Installations  

Fifteen groundwater observation wells were installed at the locations 

shown on the site plan, Figure 2. The wells range in depth from 17 feet 

to 69.5 feet in depth. Details of the individual well installations are 

summarized in Table 2. Individual well profiles are presented in Appendix B. 

Borings to be completed as observation wells were advanced with an 

8-inch-diameter continuous-flight auger to the selected well depth. 

While the boring was being drilled, the slotted PVC well screen sections 

and the solid PVC riser pipe sections were cemented together. A PVC cap 

was also cemented to the bottom of the well screen. The pipe was then 

hoisted by the drill rig and lowered into the boring immediately after 

the augers had been removed. A well-graded washed river sand was poured 

into the annular space around the well screen to sufficiently fill the 

annular space around the screen to a depth of approximately 2 feet above 

the top of the screen. Bentonite clay pellets were poured into the 
- 

annular space to form a 3-foot-thick clay seal above the sand. A cement-

bentonite grout was pumped into the annular space from the top of a 

bentonite-pellet seal to within approximately 2 feet of the surface. 

Concrete was added to the remaining annular space and a 6-inch-diameter 
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steel pipe was placed over the well and set into the concrete. The 

concrete acts to hold the steel protective casing in place and acts as a 

surface water seal. Each well has a vented PVC cap. Each protective 

casing is provided with a drain hole drilled approximately 4 inches 

above the existing grade. 

A 1/4-inch-thick 2-inch-wide steel bar was inserted into slots on 

either side of the protective casing and padlocked into place to prevent 

unauthorized entry to the wells. One key will open all the locks and 

sets of keys were left with Mr. Coan and Mr. Holman at the Ortho-Chevron 

Plant. The protective casings were painted either yellow or black at 

the discretion of Ortho-Chevron personnel. The appropriate alpha-

numeric well identification was stenciled on each protective casing in 

the contrasting color. The wells can be further identified by the 

press-apply number glued on each well cap. 

Development of Observation Wells  

Each well was bailed several times in order to develop the well 

prior to sampling. The wells were developed to minimize the effects of 

drilling on the quantity and quality of groundwater recharging the well. 

The actual number of times each well was bailed prior to sampling is 

presented in the well summary table, Table 3. The recharge to these 

wells was relatively slow and each well was bailed essentially dry 

during development. A11 wells were drilled without the aid of drilling 

fluid with the following exceptions: 



Woodward•Clyde Consultants 

Page 8 
S81-5 

1. OWC-2 and OWC-12 were drilled into the limestone and potable 

water was pumped into the borings to remove the cuttings and to cool the 

core barrel; the water was not recirculated; 

2. Potable water was used to flush the borings for wells OWC-6 and 

OWC-8 because the borings caved before the well screen could be set. 

Precautions were taken to prevent introducing contaminated material 

into the wells and to prevent cross-contamination of the wells. As an 

added precaution, an individual bailer was installed in each 4-inch-diameter 

observation well. The bailers were initially constructed and cleaned in 

our laboratory and individually sealed in plastic and transferred to the 

site. A bailer was hung from the cap in each well and that was the only 

bailer used to develop and sample that well. 

The bailers hanging in the wells are approximately 4 feet long and 

have an inner diameter of 2.5 inches. Each bailer has a capacity of 

approximately one gallon. 

Well OWC-2 has a 1.5-inch-diameter casing which extends to a depth 

of 69.5 feet. This well has 10 feet of screen, 8 feet of which extends 

into a massive unweathered limestone, and 2 feet extending into the 

shale immediately above the limestone. We were able to bail this well 

essentially dry with a 4-foot-lOng 3/4-inch-O.D. PVC bailer. Recharge 

to the well was extremely slow and the water was very muddy. In our 

opinion, the recharge was primarily drilling fluid and not representative 

of the groundwater. For this reason, OWC-2 was not sampled for chemical 

analyses. 
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OWC-12 also has a 1.5-inch-diameter casing which extends 8 feet 

into limestone. However, at this location the limestone appears to be 

weathered. Clay seams were observed within the recovered rock core. 

The 2 feet of screen which extends above the limestone is in clay rather 

than shale at this site. Using a bailer similar to the one used in OWC-2, 

we were unable to bail this well dry because of the faster rate of 

recharge. Groundwater samples were obtained from this well for chemical 

analyses. 

Groundwater Sample Collection  

As recommended by the Missouri Department of Natural Resources 

(1979), in preparation for sampling, each well was flushed, i.e., bailed 

dry or a volume of water equivalent to a minimum of three times the 

casing volume was removed, and the well allowed to recharge prior to 

sampling. To evaluate the hydraulic gradient of the groundwater, the 

depth to groundwater was measured in each well prior to flushing and 

sampling. At the time of sampling the following water quality parameters 

were measured in the field: pH, specific conductivity, and temperature. 

The results of these field tests are presented in Table 4. 

The following samples were obtained from each of the fourteen wells 

sampled. One small glass vial for total organic carbon (TOC), three 

one-liter glass bottles for organic analyses, one plastic quart container 

for metals analyses and one plastic quart container for general water 

quality analyses. 

At each well the bailer was carefully lowered into the water to 

minimize agitation of the water column. The bailer was withdrawn from 
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the well and a small quantity of water was used to rinse the TOC vial 

and the vial was then filled. A large-mouth plastic bottle used for the 

field analyses was rinsed and filled. The remaining water in the bailer 

was used to rinse the three glass bottles and the two plastic containers. 

The second bailer of water was then drawn and an approximately equal 

aliquot of water was poured into each sample bottle. This procedure 

continued until each bottle was completely full. The samples were then 

immediately placed on ice. 

Immediately after the samples were collected, they were returned to 

our laboratory and the samples collected for metals analyses were 

filtered through individual 0.45-micron pore-size filters and poured 

into acid washed, acid preserved, plastic containers in preparation for 

shipment to the water chemistry laboratory. A11 samples were then 

shipped on ice to Wilson Laboratories in Salina, Kansas for analyses. 

The samples used for organic analyses were filtered through 1.0 micron 

pore-size glass fiber filters at Wilson Laboratories prior to analyses. 

The purpose of filtering the samples is to remove suspended solids which 

if digested or extracted with the sample would contribute non-representative 

amounts of certain constituents to the groundwater sample. Dissolved 

solids, not suspended solids, are normally transported by groundwater. 

GEOLOGIC SETTING 

The Ortho-Chevron Plant is located on an eroded gently sloping 

upland loessial surface within the Fee Fee Creek watershed. Fill 
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material was encountered in the borings over a majority of the site. 

The fill was generally firm to stiff, brown, low plastic, silty clay 

which may include construction debris and organic soils in localized 

areas. The fill varied in thickness with up to 8 feet of fill encountered 

along the north rail spur. 

Firm to stiff, brown, low plastic, silty clay loess was encountered 

across the entire site beneath the fill. Where the fill material was 

not encountered, the loess was the surficial soil. The loess was generally 

10 to 15 feet thick. 

Borings drilled in the northeast half of the site and the northwest 

corner indicated that the uppermost portion of the loess in these areas 

had been reworkedler, i.e., stream, pond, or swamp deposits. 

These alluvial deposits varied in thickness up to 15 feet and were 

generally firm to stiff, dark gray to gray, low density, organic silty 

clays with numerous root holes and small voids. 

Bedrock units beneath the loess consist of Pennsylvanian Age strata 

of the Pleasanton, Marmonton, and Cherokee groups in descending order. 

These are primarily shales but may also contain cyclic sequences of 

Jsandstone,Jsiltstone, and limestone with occasional seams of clay. The 

beds generally range in thickness from a few inches to several feet. 

The total thickness of these shale units observed at the site varied 

from about 5 feet on the west to about 40 feet on the east. In some 
• 

locations the shale was not present or was completely weathered to clay. 

In general, a 5-foot-thick, highly plastic, residual clay layer was 
• 

encountered between the base of the loess and the uppermost shale unit. 

f 

( , ‘ 
\ 
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Underlying the shale units is the highly irregular erosional un-

conformity of the Ste. Genevieve limestone formatidn of.the Mississippian 

system. The Ste. Genevieve is generally described as dense, massive, - 

and relatively pure limestone. 

Subsurface Profile  

The generalized subsurface profile described above has been shown 
• 

in more detail in four cross-sections which include schematic logs of 

the borings. Our interpretation of the subsurface profile is shown on 

these cross-sections presented in Figures 3 through 6. 

Hydrogeology  

The original or natural surficial soils in this area are classified 
• 

as the Menfro-Winfield Series by the Soil Conservation Service (1972). 

The Menfro soils are reported to have moderate infiltration-rates_ - _ ! 

when thoroughly wetted. These soils are reported to be pnerally deep, - ... . 

well drained with moderatelY_fine_to moderately coarse textures. 
• - - . . . 

The Winfield soils are reported to have slow infiltration rates 

when thoroughly wetted and consist generally of soils with moderately - _ _ - 
fine textures. These soils have a slow rate of water transmission. 

- - 
Because of the low permeability, the loess retards the _ 

of precipitation and Miller et al. (1974) report thatmost of the 

annual precipjtation is lost as runoff and evapotranspiration.  Wells 

completed in the loess have very wall yields. 
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A search has been made of the Missouri Geological Survey records 

which indicates no wells are located within one-fourth mile of the plant 

site and that the nearest wells range in depth from 140 feet to 325 feet 

and penetrate the limestone, see Table 1 and Figure 1. 

Fuller and Knight (1967) report 5 to 10 gallons per minute may be 

obtained from the limestone at depths of 250 to 400 feet. -_Groundwater _ -~_.__ _ =.~.~ . 

contained in the bedrock in this area is described as very saline, 
, . , h  

containing more than 1000 milligrams per liter of total dissolved solids. 

This salinity increases with depth, with 20,000 to 30,000 milligrams per 

liter TDS common at 2,000 to 3,000 feet (Fuller and Knight, 1967). /~~ 

While bedrock aquifers may yield adequate supplies of water, the water 
I 

• 

is generally unusable because of its salinity. Public_water supplies in / 

the plant site_area are taken from surface water sources such as the - 
Missouri and Meramac Rivers (Missouri Department of Health, 1971). 

During our investigation  groundwater was encountered in the loess 

at depths rangingfrom 2 feet below the surface along the ea.st side of 

the plant to about 10 feet below_the surface in the northwest corner. 

This water was probably perched on_the- underlying residual_clay and 

_i_10_e which would retard further downward movement. Based on the hydro-

geologic conditions at the site and the observed groundwater levels, in 
• 

our opinion, the groundwater was in an unconfined condition and flowing 

to the west/no.rthwest. Groundwater levels measured in each well during 

this investigation are listed in Table 5. ' A groundwater contour map is 
, 

presented in Fioure 7 'which was interpreted from the water levels observed 

on March 19, 1981. 

6 

. 

_ r 
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Field Permeability Tests  

Field permeability tests (slug test) were performed in wells OWC-6, 

7, 8, 9, and 15. These are shallow wells screened in the loess. The in-

situ permeability of the soil in the vicinity of the wells was estimated 

from the rate of rise or recharge of the water level in the wells after 

a certain volume or "slug" of water was suddenly removed from the well. 

The data were plotted and the permeabilities were calculated using a 

methodology developed by Bouwer and Rice, 1976. Estimated permeabilities 

calculations are presented in Appendix C. The results of the slug tests 

are presented in Table 6. 

The average estimated permeability was 1 foot Per day (3 x 1074 

centimeters per second) and the r_ig.e_ of test results was from about 0.1 

to 3 feet per day (3 x 10-5  to 1 x 10-3  centimeters per second). We expect 

this average estimated permeability will change as additional permeability 

tests are performed in other wells at the site. The results from addi-

tional tests may indicate the soil is more permeable. 

LABORATORY TESTING 

Engineering Index Properties  

Soil samples representative of the four soil strata (i.e., fill, 

water-modified loess, loess and residual clay) encountered at the site 

were selected for general engineering index property testing. For 

continuity, the samples were selected from the same boring, OWC-5. The 

subsurface profile at this location was typical for the site. Laboratory 

tests included visual classification, natural water content, liquid 
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limit, plastic limit, and grain size distribution. The test results are 
• 

presented in Appendix D. 

Soil Chemistry_ 

Arsenic. The results of selected soil samples analyzed for arsenic 

are presented in Table 7. Six soil samples from Boring B-219 ranging in 

depth from 2 feet to 21.5 feet were submitted to Wilson Laboratories for 

arsenic analysis. Boring 219 was drilled on the north rail spur where 

in the past hopper cars of arsenic were unloaded with open conveyors. 

Two soil samples from Boring B-203 at 5 and 10-foot depths were also 

submitted for arsenic analysis. A soil sample from OWC-10 at a depth of 

4 to 5.5 feet and a soil sample from OWC-11 at a depth of 1 to 2.5 feet 

were also analyzed for arsenic in addition to organic pesticides. The 

samples were reduced and analyzed for production of arsine gas. 

Organic Pesticides. Certain organic pesticide analyses contained 

in the list in Table 8 were performed on selected soil samples. The 

results of these analyses are presented in Tables 9 and 10. Soil samples 

were selected from borings OWC-10 and OWC-11 for analyses of organic 

pesticides. In order to provide some indication of the maximum con-

centrations which might be expected at the site, we initially selected 

and analyzed samples which we suspected to be most contaminated. Borings 
. - .. • . _ . . . 

OWC-10 and OWC-11 were drilled at locations with high potential for 

contamination and the samples selected (one from each boring) had an 
• 

organic odor. 

The samples were submitted to Wilson Laboratories where they were 

prepared and analyzed. 

The results of the organo-chlorine pesticides analysis for the 

sample taken from OWC-10 at a depth of 4 to 5.5 feet are presented in 
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Table 9. The results for the organo-chlorine pesticides analysis for 

the sample taken from OWC-11 at a depth of 1 to 2.5 feet are presented 

in Table 10. The laboratory reported Kelthane did not elute properly 

from the gas chromatagraph and could not be analyzed in the samples. 

The samples were also analyzed for arsenic and the results are shown on 

the respective tables. 

Extraction Procedure Toxicity. Three samples were submitted to the 

laboratory for EP toxicity chemical analyses. The results of these 

analyses are presented in Table 11 and in Appendix E. One composite 

sample was taken from the soil, rock, and construction debris waste pile 

and the other two samples were taken from Boring B-212 in the natural 

soil and sediments from the storm water surface impoundment (pond). 

The waste pile sample was a representative sample composited from 

samples obtained from four hand-augered holes approximately 3 feet deep 

and one 4-foot deep test pit. Attempts were made to auger deeper at 

several locations; they were unsuccessful because of the rocks and 

debris in the pile. The waste material sampled in the waste pile_passed 

the EP toxicity test and is not classified hazardous based on that 

method. Consideration should be given to hazardous classifications 

resulting from listing of specific wastes or processes. 

The storm water retention pond was empty at the time of our in-

vestigation, but because of the soft bottom sediments a ramp was built 

out into the pond to permit sampling. The ramp was about 3 feet thick; 

sampling was started at 3 feet. Samples were collected at 3.0 to 4.5 feet, 

5.0 to 6.5 feet, 7.0 to 8.5 feet and at selected depths down to 21.5 feet 

s 
,4zy 
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below the top of the ramp. The samples at 3 feet and 7 feet were selected 

for EP toxicity analyses. The sample at 3 feet was representative of 

the near-surface pond sediments. The sample at 7 feet was from the soil 

immediately below the sediments. Both samples passed the EP toxicity 

test; however, if the soil or sediments are intended for disposal and have 

been contaminated with a listed hazardous waste, they may be defined as I 
;.-

a hazardous waste and may be subject to the hazardous waste management 

regulations. 

Groundwater Chemistry  

Groundwater samples collected from fourteen observation wells were 

analyzed by Wilson Laboratories for organics, metals, total organic 

carbon, and general water quality parameters. Well OWC-2 was not sampled 

because the well did not recharge sufficiently to allow proper development; 

the water it contained was not considered representative groundwater. 

The distribution of each major parameter analyzed in the groundwater is 

presented in Figures 8 to 36. The complete results of water quality 

analyses performed on this set of groundwater samples are presented in 

Appendix F. Results of the organic analyses and selected inorganic 

analyses are summarized in Table 12. EPA drinking water standards and - - 
Missouri groundwater recharge standards are shown for comparison. 

The groundwater samples were analyzed for the organic compounds 

shown in Table 8 with the exception of Kelthane, Trithion, and Sevin. 

The samples could not be analyzed for Kelthane because Kelthane did not 

elute properly from the gas chromatagraph. A standard for Trithion 
t 

analysis was ordered by Wilson Laboratories but was not received in time 
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to analyze the samples. Unidentified peaks were not observed in the 
- 

analyses of the organo-phosphorous  pesticides which would indicate that 
- _ - _ _~__ 

_Irith4on-was-npIlFe-s-ent. See Appendix G for a discussion of the labora-

tory analyses. . 

It was anticipated that Sevin could be analyzed with the organo-

phosphorous pesticides on a nitrogen-phosphorous gas chromatagraph 

detector. However, analyses of the samples indicated that interferences 

were present which precluded the use of the nitrogen-phosphorous detector. 
l 

The samples were then analyzed with a highly selective flame photometric 

detector operated in the phosphorous mode. Six phosphorous containing 

compounds were detected but the laboratory was unable to detect Sevin 

because the detector was not sensitive to nitrogen-containing compounds. 

DISCUSS.ION OF RESULTS 

Significant concentrations of arsenic and organic pesticides were 

identified in certain near-surface samples of_soil and in groundwater 
• 

samples, obtained from observation wells located within and downgradient,—(,<:._ _.---- .- .__ . ___.._ . 

from the central plant processing area. Groundwoter is considered to 

be the primary transport mechanism for potential movement of these 
• 

contaminants across and off the site. Where high concentrations of arsenic 

or pesticides exist in uncovered near-surface soils, additional transport 

mechanisms exist including: (1) erosion and surface runoff in storm 

water, (2) winq_erosion, and (3) leaching_of the affected soil_ by in-

filtration_ofprecipitation. 

- , . - - - . - 
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This initial assessment of site conditions has focused primarily on

potential contamination and contaminant movement within the groundwater

regime. Selected soil samples were analyzed to evaluate hazardous waste

characteristics by EP Toxicity and total extractions were performed on

other suspected contaminated soil samples to determine the levels and

presence of various pesticides. Results of the specific findings are

discussed below and recommendations are presented to survey the potential

sources of contamination on site.

Following a survey of the sources of contamination, recommendations

have been provided for the development of a program to remove or contain

the identified sources.

Soil Contamination

Arsenic. A railroad unloading facility consisting of an open

conveyor for bulk transport of arsenic was previously operated near the

location of boring B-2l9 on the north side of the plant site. Soil

samples obtained from boring B-219 were found to contain arsenic at the

concentrations shown in Table 7. Arsenic concentrations decreased

• sharply with depth in Boring 219 from 480 ppm at 2 feet to approximately
t’

3 to 6 ppm below 10 feet. Boring 219 was not completed as an observation

5 well to eliminate the risk of providing a direct route to the groundwater

fin the event of spills or leaks from railroad cars parked on the tracks.

The background levels of arsenic in the bess soils are unknown at

this time. Soil samples obtained at two depths in boring B-203 which

was drilled near the southwest corner of the site indicate total arsenic
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concentrations of approximately 5 ppm which is similar to the concentra

tions at depths below 10 feet at the unloading facility. However,

U groundwater and wind transport of arsenic may have affected the arsenic

content of soils in the plant vicinity. Soils from natural parent

materials may have background arsenic levels approximately 1000 times

[ 1’ less than the 5 ppm of arsenic found in soils at depth at this site.

Additional samples of similar bess soils from off the site may be

[L J. analyzed to confirm background levels.

F’ i.J Boring OWC-ll was drilled in an area which is now paved with asphalt
[ +‘ j

to the west and downgradient from the arsenic processing facility. One

[ soil sample obtained at a depth from 1 to 2.5 feet below the asphalt was

-, selected for analysis of organic pesticides and arsenic. Theppearance

[ and odor of the sample indicated that this was potentially one of the

more contaminated locations encountered at the site. The total arsenic

L in the sample was analyzed at 570 ppm, similar to the 480 ppm at 2 feet

in Boring 219. The arsenic concentration in the groundwater sample
L )‘3” t

I
obtained from well OWC-ll was measured at 0.11 mg/b.

[ i A single soil sample from a depth of 4 to 5.5 feet was also analyzed

F. from Boring OWC-bO located in the central processing area of the plant

L near where leaks in an underground pipeline were reported. This sample

[ 1-jd2 was analyzed for organic pesticides and arsenic. The concentration of
L

arsenic in the soil was 5.5 ppm. The arsenic concentration in the

L groundwater sample obtained from well OWC-lO was measured at .006 mg/l.

Waste soils generated on site during construction activities should

U be evaluated to determine if they are considered hazardous wastes as a

13
U
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result of arsenic or other pesticide contamination. The EP Toxicity

test as one indicator of hazardous waste does not typically extract the

total constituents from a sample and there is a dilution effect of the

extract. Direct comparisons cannot be made between the total concentrations

of arsenic or pesticides in the soil samples and the concentrations in -

the extract of the EP Toxicity analyses. Regardless of the EP Toxicity ‘

analyses, waste soils may be considered a hazardous waste if they are

contaminated by specific pesticides listed by EPA.

There are no known regulations or standards for allowable limits of

arsenic or other pesticides in soils which are not considered a waste

material. However, significant concentrations of arsenic in near-surface 7
soils are likely to migrate into the environment. A survey of near

7 surface soils is recommended to define sources of contamination so that
j 4

effective containment procedures can be developed. The formulation

procedures used in preparing arsenic pesticides should be determined.

If arseno—organic formulations were prepared, the arsenic may be in a

more soluble form than if it was prepared in a dust form.

Organic Pesticides. Two soil samples, one each from Borings OWC—lO

and OWC-ll, which were suspected to be contaminated were submitted to

the laboratory for organic pesticide analyses. The test results are

presented in Tables 9 and 10. As per Ortho—Chevron’s instructions, when

relatively hig concentra-tions or organo-chlorine pesticides were encountered,

analyses for the remaining organic pesticides were discontinued. With

the exception of the hazardous waste management regulations (RCRA),
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there are no known regulations or standards for acceptable levels of 

pesticides in soils which are not considered waste materials. 

As was recommended for evaluation of arsenic concentrations, a 

survey of near surface soils should include analysis for organic pesticides. 

Composite samples may be considered as a screening mechanism to reduce 

the cost of laboratory analyses. Analyses should include all persistent 

pesticide compounds that might reasonably be expected to be present in 

the soils on site. 

Remedial work required to remove, cover or isolate sources of 

contamination may be developed following the soil survey. Soils intended 

for disposal which are known to be contaminated by specific listed 

pesticides are considered hazardous wastes and are subject to the 

hazardous waste management regulations. Details of these requirements 

are contained in pages 33120 to 33127 of the Federal Register, Volume 45, 

No. 98, dated Monday, May 19, 1980, and as amended November 12, 19, and 

25, 1980. 

Extraction Procedure Toxicity. Three soil samples were submitted 

to Wilson Laboratories for EP toxicity testing. One representative 

composite sample was obtained from the soil, rock and construction 

debris waste pile on site; two representative soil samples were obtained 

from the storm water retention pond. In the storm water retention pond 

one sample was obtained from the near-surface bottom sediments. A 

second sample was taken from the soil just below the bottom sediments 

(approximately 4 feet below the pond bottom). 
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The test results for the EP toxicity analyses are presented in 

Table 11. The results indicate that the soils are not hazardous as 

defined by the EP toxicity test. 

The concentration in the soil of other organic pesticides which are 

not analyzed in the EP toxicity test may be relatively high and may be 

determined by additional chemical analyses. Precautions should be taken 

when handling or disposing of this material. 

Groundwater Contamination  

Groundwater samples from fourteen observation wells were analyzed - 
for organic pesticides, total organic carbon, metals, and general water 

quality parameters listed in Table 8. The analytical results for each 

well are presented in Appendix F. The generallack,of apparent continuity 

of detectable organic pesticides between wells indicates that isolated, 

individual sources of contamination exist rather than a single source. 

Distributions of the organic pesticides, metals, TOC, and selected water 

quality parameters, as measured in each well, are presented in Figures 8 

to 36. The following organic pesticide compounds were analyzed for and 

were not detected in any of the groundwater samples: 

Chlordane 
Chlorobenzilate 
Toxaphene 
Captan 
Methoxychlor 
Difolatan 
Guthion 
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The analytical results for the groundwater samples obtained in the

upgradient wells OWC-l and OWC-9 indicate that the groundwater entering

the site was relatively uncontaminated by materials which were handled

on the plant site; however, low concentrations of Aidrin, Lindane, and

2,4—D were present in the sample from OWC-1 and low concentrations of

DDE, DDT, Aidrin, Dieldrin, and Lindane were present in the sample

obtained from OWC-9.

Well OWC-3 also appears to be relatively uncontaminated. Lindane

and 2,4,5—T at low concentrations were present in the sample. Leaks and

spills from the truck and rail traffic in the immediate vicinities of

wells OWC—l, 9 and 3 may represent a potential source of contaminants.

Wind-borne particulates may also be a contributing factor, particularly

where material may have been stored or incinerated in this area.

At this time there appears to be no apparent influence on the

groundwater entering the site due to the sanitary landfill and fertilizer

plant, both of which are upgradient from this site. The concentrations

of the general water quality parameters which would indicate outside

influences were relatively low. We were not able to locate representative

background water quality data from any similar local wells completed in

the bess. No known local water supply wells have been completed in the

bess because of the low transmissibilities.

In general, the water quality is hard to very hard with relatively

high dissolved solids which could make it unsuitable for use as a

potable water supply or for certain industrial processes. The groundwater

Ij
,
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has a relatively high concentration of manganese which has no apparent 

toxic properties at this concentration but it may cause stains and 

deposits on fixtures. The water is also slightly corrosive to corrosive 

and may cause attack on metal piping. Installation of subsurface piping 

should include a corrosion protection system. 

Wells OWC-3 and 4 are located along Adie Road. Surface runoff con-

tained in the ditch on Adie Road is a potential source of groundwater 

recharge. During our investigation it was noted that the drainage in 

this ditch was very poor and that the water had a tendency to pond in 

the vicinity of well OWC-4. The higher chloride concentrations in wells 

OWC-3 and 4 may be the result of salt used to de-ice the roads. We also 

observed that the pavement runoff in the area of the loading docks on 

the south side of Buildings B and E drains into the ditch along Adie 

Road. Leaks and spills on this pavement which were not totally removed 

may account for some of the Mirex, Heptachlor, Lindane, 2,4-D, and 

2,4,5-T observed in OWC-4. 

The highest concentrations measured in the groundwater were generally 

measured in the area of wells OWC-6, 7, 8, 10, and 11. The wells in 

this central processing and storage area of the plant had the highest 

frequency of detectable organic pesticide compounds. Based on our 

observations of the soil samples obtained during the field investigation, 

results of the soil and groundwater chemical analyses, and discussions 

with plant personnel, this area was apparently the site of leaks and 

spills from buried piping and surface handling. In the past this area - 
was potentially used as an on-site disposal area, as evidenced by the 
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waste materials encountered during the excavation of pier foundations 

for Building G. We understand that these practices which may have 

resulted in leakage of products into the ground have been eliminated. 

Underground piping has been raised above ground or replaced with stainless 

steel pipe and no new sources of subsurface contamination are expected. 

A groundwater sample obtained from OWC-13 located to the west and 

downgradient from the central processing and storage area contained a 

relatively high concentration of Lindane as shown in Figyre8._ The 

source of the Lindane is unknown; the source may be fire debris reported 

to have been buried on site or an old spill or leak in the processing 

area. 

The rock core obtained from boring OWC-12 indicated the limestone - - - - - _ • - 
in this area was moderately weathered_and six 1- to 2-inch-thick clay . . _ , . _ _ 

seams were encountered in the top 4 feet of the rock. After each bailing 

the recharge to the well was relatively fast and clean. Groundwater 

samples were obtained for analyses. In our opinion, theshale and 

/1 
residual clay deposits at this site should provide.an effective barrierA,,Ct-tja _ _ ________  —______ _ _____ -.:41a.._ _ ___ ____ _ .. _ ..._ _ . . - - --

Ir-,:g.',-  ,, , - _.., _______ 
to contaminant m-.ovement from the shallow groundwater_ipto_thelimes (0  (..,(_.),,:., ______ __________ ... . _ _.._- -.~ ~_.........

e 
This was partially confirmed by the poor recharge into well OWC-2 which oh 

322 r--' 
also penetrates into the limestone. However, a wide variety of organic 

pesticide compounds were detected in well OWC-12. Potential transport 

mechanisms for movement of pesticides into the limestone bedrock may 

include: / 
/ 

1. Piers for building foundations which may penetrate through th
l
z i 

, 

e> 
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clay into the limestone. Woodward-Clyde Consultants provided field in-

spection for the piers installed for Building G (WCC report S79-9). The 

piers for Building G were installed through 15 feet of contaminated fill 

which included buried waste materials. The thirteen piers were 30 inches 

in diameter and extended to a depth of approximately 30 feet. Daily 

field reports indicate the piers are bearing on the limestone. Our 

soil and foundation report for the Maintenance Shop (S78-55) recommended 

smaller diameter piers for this building to bear in the residual clay. 

Information on the foundation conditions of the remaining structures was 

unavailable. 

2. Bore holes from previous soil investigations penetrate into 

limestone. They may not have been adequately plugged. 

3. The residual clay may be discontinuous in the areas of the old 

north-south stream channel which was observed to have existed between 

grid lines 600W to 800W on the site plan presented in Figure 2. The 

residual clay was formed from the parent shale deposits at the site 

which were exposed to the elements and weathered. Shale is a sedimentary 

deposit which is generally deposited in horizontal beds. At this site 

the shale was deposited to at least elevation 525 as encountered in 

boring 0WC-2. The upper portion of the shale was weathered to clay and 

apparently eroded from the site, potentially by an ancient stream. Near 

the middle of the site the shale has been eroded down to at least eleva-

tion 490 as encountered in Boring 210. The shale in this area is completely 

weathered to clay which is generally less than 10 feet thick over the 

limestone. The potential exists that an ancient stream channel may have 
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completely eroded the clay-shale deposit exposing the limestone over a 

portion of the site. Finally the wind-blown silty clay (loess) was 

deposited over the weathered eroded shale deposit resulting in the 

geologic profile encountered at the site. 

4. The residual clay and shale may have a macro-structure (joints 

or desiccation crack remnants) that permits seepage. 

The groundwater samples obtained from the downgradient wells OWC-14 

and 15 were relatively uncontaminated, indicating the effects of ground-- 
water recharge from the storm water retention pond appear to be relatively 

' insignificant. Low concentrations of Aldrin, Dieldrin, and Lindane were 

detected in OWC-14. Only Dieldrin and Lindane at very low concentrations 

were detected in OWC-15. 

The complete analytical results for each well are presented in 

Appendix F. Table 12 presents the results of the organic analyses and 

selected inorganic analyses for each well and, for comparison, EPA 

drinking water standards and Missouri groundwater recharge standards. 

Potential Waste Migration  

Figure 7 shows the groundwater contour map interpreted from ground-

water levels observed during the period of this study. Water levels 

indicate the general direction of flow to the west-northwest with an 

average gradient across the site of approximately 0.021 foot per foot. 

The average permeability of the soil is estimated at less than 1 foot 

per day based on the field permeability or slug tests performed in 

selected wells at the site. Assuming a soil porosity of 30 percent, the 

actual velocity of the pore water is estimated to be much less than 
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1 foot per day. Assuming these are average conditions, we estimate the 

groundwater would flow approximately 500 to 1000 feet in twenty-five 

years toward the west-northwest. 

These estimates of groundwater flow are based on (1) average site 

conditions as estimated from the information obtained during this investi-

gation, and (2) the assumption that the average conditions are uniformly 

representative across the site.' The actual conditions at any location 

on the site will vary from the estimated average conditions, and we 

expect that our estimates will change as additional information about 

the site conditions becomes available. Using the maximum permeability 

measured during this investigation, the distance traveled by the ground-

water would be increased by a factor of three (i.e., 1500 to 3000 feet). 

The actual rate and quantity of pesticides and arsenic movement in 

the groundwater is mitigated by soil attenuation. The silty clay soil 

at this site has a high affinity for organic pesticides and the rate of 

groundwater movement is slow enough to allow the soil to sorb some of 

the pesticides as they flow through the soil. The low solubility of the 

pesticide compounds also limits the quantity of contaminants which can 

be dissolved in the groundwater. Finally, the time rate of loading will 

affect how far the contamination has moved. The more recent loadings 

have not had time to move very far and, therefore, much of the con-

tamination may be contained in the near vicinity of the source. 
• 

The contaminant flux or the mass flow rate of the pesticides including 

arsenic is a function of the groundwater flow rate, the concentration of 
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the contaminant and the sorption potential of the soil through which the 

water flows. Because of the apparent isolated individual sources of 

contaminants, the concentrations for all detected organic pesticides, in 

the wells where the higher concentrations were measured (i.e., OWC-6, 7, 

8, 10, and 11), were averaged to estimate the potential contaminant 

loading. Alternatively, since the levels of total organic carbon (TOC) 

include the organic pesticides in addition to the organic carrier materials 

and other miscellaneous organics in the groundwater, these values have 

also been averaged for the same wells and used as another estimate of 

the potential loading. The average concentration for the organic pesticides 

detected in the groundwater in the selected area is estimated at 0.16 ppm. 

The average concentration for total organic carbon is 46 ppm. 

Based on our hydrogeologic investigation and assuming a contaminant 

plume width of approximately 200 feet, the groundwater flow rate is 

estimated at about 600 gallons per day. Based on the average concentration 

for the organic pesticides presented above, we estimate the net organic 

pesticide contaminant loading may be less than about 1 gram per day. 

Based on the average concentration for TOC presented above, the net 

contaminant loading may be less than about 100 grams per day. 

These estimates of contaminant flux are based on the groundwater 

flow estimates discussed above and the average concentrations of pesticides 

and total organic carbon from a limited number of groundwater samples. 
• 

We expect our estimates of contaminant flux will change as additional 

information about the actual site conditions becomes available. The 

installation of additional wells, additional sampling and chemical 
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analyses including permeability testing could indicate anomalies at 

the site, which would significantly affect our estimates of groundwater 

flow and contaminant flux. 

RECOMMENDATIONS 

Based on our field investigation, laboratory tests, analysis, and 

prior experience we present the following recommendations for your con-

sideration. We will be pleased to discuss these recommendations with 

you and to develop a work program to implement these recommendations as 

you desire. 

, 
I. Significant concentrations of arsenic and organic pesticides 

have been encountered in soil samples obtained on site. We recommend 

L  that an additional survey be made of the near-surface soils to identify 
77 

zones where higher concentrations of arsenic and pesticides are present. 

The survey may be established in a grid format with samples composited 

from the upper approximately P., feet. Particular attention should be 

given to expected source areas based upon the results of the contamination 

distributions in the groundwater. Composite samples made up from several 

shallow borings may be used as an initial screening program for organic 

pesticides in order to limit the cost of analyses. Analyses should be 

made for all persistent pesticide compounds which may be present on the 

site. Following the evaluation of the analytical results, a remedial 

action program, if required, could be developed and implemented in 

cooperation with the EPA. 

.3 0A) 
j 
I :7- 
1 c  
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2. Although every precaution was taken to obtain representative 

samples of the groundwater, the interpretations, assessments, and evalua-

tion presented in this report are based on asingle set of analyses 

performed on one set of groundwater samples obtained at one point in 

time. To confirm this assessment of the site conditions, we recommend 

that the observation wells continue to be flushed and that two additional 

sets of groundwater samples be collected and analyzed on approximately 

monthly intervals. 

3. We recommend that four additional observation wells be installed 

along the.northern property line between OWC-14 and B-219. Two of the 

wells may be installed in the loess to evaluate potential migration of 

arsenic and organic pesticides in the groundwater from the observed 

r: 4 , i areas of contamination in the processing areas. The present location of 
(-1 lh i 

Lit." 
observation wells does not allow an assessment of groundwater quality 

Aikt northwest of the area of known contamination. _One well may be installed 

a 
L; t. into the shallow limestone along the property line north of OWC-12 to 

0" evaluate the movement of pesticides in the limestone bedrock. One 
1 

additional well may be installed deeper into the limestone to evaluate 

vertical movement of pesticides in the bedrock. 

4. Additional review is recommended to determine the hazardous 

nature of the materials in the soil pile and pond sediments. The EP 
r 

- - n i 
toxicity tests gave negative results; however, wasted soils which 

contain specific listed hazardous wastes are considered hazardous wastes 

and are subject to the hazardous waste regulations. 
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42i 
p) 5. Care should be exercised in disposal of materials containing 

arsenic or pesticides which are not considered to be hazardous wastes. 

Additional chemical analyses are recommended to characterize the con-

taminants and to help evaluate the disposal procedures appropriate for 

these wastes. 

~ ~~,-~" ~ 
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LIMITATIONS 

The boring logs depict subsurface conditions for the indicated 

locations and dates. With the passage of time, changes in the subsurface 

conditions may occur especially with respect to groundwater. Observation 

wells were located around the site to obtain a general characterization 

of the groundwater quality. Additional wells, permeability testing, and 

sampling and chemical testing are required to better define average site 

conditions and conditions at specific locations on the site. We request 

the opportunity to re-evaluate the field conditions and our interpretations 

relative to the design or implementation of any remedial measures if 

additional site information becomes available or if a significant time 

interval has elapsed from the date of this study. 
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GLOSSARY 

Part per million, ppm - a measure of prpportion by weight, equivalent to 
a unit weight of solute per million (10°) unit weights of solution. 

Note - A part per million is generally considered equivalent to a 
milligram per liter, but this is not precise. A part per million is 
equivalent to a milligram of solute per kilogram of solution. 

Part per billion, ppb - a measure of prpportion by weight, equivalent to 
a unit weight of solute per billion (11P) unit weights of solution. 

Milligram per liter, mg/1 - a weight-volume measurement which expresses 
the concentration of a solute in milligrams (10-3  grams) in a liter 
of solution. 

Microgram per liter, ug/1 - a weight-volume measurement which expresses 
the concentration of a solute in micrograms (10-6  grams) in a liter 
of solution. 

Micron, um - a micron is a unit of length; 1 micron equals 10-6  meters 
(0.000001 meters). When used to describe a filter membrane, such as 
0.45 micron pore-size membrane, the length refers to the nominal pore 
diameter. 



TABLE 1 

REPORTED DETAILS OF EXISTING WATER SUPPLY WELLS 
SECTIONS 23 AND 26, T. 46 N., R.5E. 

Reported Static 
Water Level In 

Well Missouri Date Surface Total Feet Below Productivity 
No.* Survey No. Owner Section Drilled Elevation Depth(ft) Ground Surface gallons/minute 

1 8090 Maryland Heights 23 1943 595 250 86 109 
School (85-foot drawdown) 

2 8478 J. Pierlow 26 1943 548 325 31 1.5 

3 10593 J. L. Tennant 26 1948 538 285 60 5 

4 10598 L. Hageman & 26 1948 555 285 60 4.5 
F. Schiell 

5 25256 E. Morrison 26 1967 526 305 20 8+ 

6 25364 M. Montgomery 26 1967 506 140 80+ 

* Numbers indicate well locations shown on the site location plan, Figure 1. 

Data obtained from the files of the Missouri Geological Survey. 
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Depth Over Which 
Well is Screened 
or Sand Packed**  

Screen Slot 
Width 

(inches) 

TABLE 2 

OBSERVATION WELL INSTALLATION DETAILS 

Elevation of Elevation Casing 
Protective of Ground Diameter 

Casing (feet) Surface* (feet) (inches)  

Well 
Depth 
(feet) 

543.7 541 4 23 10.5 - 23.0 0.02 
542.3 541 1.5 69.5 56.5 - 69.5 0.03 
532.0 529 4 35 13.0 - 35.0 0.02 
521.4 519 4 29.5 8.5 - 29.5 0.02 
518.1 515 4 25 12.0 - 26.5 0.02 

525.6 523 4 25 7.0 - 26.5 0.02 
525.3 523 4 17 4.5 - 17.0 0.02 
525.7 523 4 27.5 16.5 - 27.5 0.02 
534.8 532 14 32 9.5 - 32.0 0.02 
530.1 528 4 28 10.0 - 28.0 0.02 

526.2 524 4 28 16.0 - 28.0 0.02 
526.5 524 1.5 40.3 28.25 - 40.25 0.03 
518.8 516 4 20 8.0 - 21.5 0.02 
515.0 513 4 22 9.0 - 23.5 0.02 
516.5 514 4 20 8.0 - 21.5 0.02 

Well 
Designation  

OWC-1 
OWC-2 
OWC-3 
OWC-4 
OWC-5 

OWC-6 
OWC-7 
owc-8 
OWC-9 
OWC-10 

OWC-11 
OWC-12 
OWC-13 
OWC-14 
OWC-15 

* Rounded to nearest foot 

** The lower portion of the well is screened. The sand pack around the screen 
generally extends 2 to 3 feet above the top of the screen. Refer to 
Appendix B for individual well profiles. 

Elevations based on USC & GS datum. S81-5 



TABLE 3 

DEVELOPING, FLUSHING AND SAMPLING 
OF OBSERVATION WELLS 

Well  

OWC-1 
OWC-2 
OWC-3 
OWC-4 
OWC-5 

owc-6 
owc-7 
owc-8 
owc-9 
owc-to 

owc-11 
OWC-12 
OWC-13 
OWC-14 
OWC-15  

Number of Times 
Bailed Prior to 
Initial Sampling  

3 
3 
4 
4 
6 

7 
3 
2 
4 
3 

3 
3 
6 
6 
6 

Date 
Flushed 

2-24-81 
2- 26- 81 
2-24-81 
2-23-81 
2-24-81 

2-23-81 
2-23-81 
2-23-81 
2-24-81 
2-23-81 

2-23-81 
2-25-81 
2-24-81 
2-24-81 
2-24-81  

537.8 
482.8 
522.5 
513.1 
510.3 

517.4 
517.8 
518.4 
529.6 
523.4 

517.1 
516.6 
513.1 
509.2 
505.o 

Date 
Sampled  

2-26-81 
2-27-81* 
2-26-81 
2-24-81 
2-25-81 

2-24-81 
2-24-81 
2-24-81 
2-26-81 
2-24-81 

2-24-81 
2-26-81 
2-25-81 
2-25-81 
2-25-81  

537.5 
483.5 
522.3 
513.0 
510.6 

517.3 
517.5 
518.3 
529.1 
523.0 

517.0 
516.6 
513.4 
507.5 
505.o 

Water Elevation 
Prior to Flushing  

Water Elevation 
Prior to Sampling  

* OWC-2 was not sampled. 

USC & GS elevation datum. 
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TABLE 4 

GROUNDWATER PARAMETERS MEASURED DURING SAMPLING 

Specific 
Conductivity** Temperature** 

Well pH * A4mhos/cm oc 

OWC-1 6.3 
OWC-3 6.4 
OWC-4 6.3 
OWC-5 6.5 
OWC-6 6.2 

OWC-7 6.5 
owc-8 6.7 
OWC-9 6.7 
OWC-10 6.3 
OWC-11 7.0 

960 12.8 
1250 14.0 
1840 12.1 
1170 13.0 
860 14.5 

148o I4.o 
1090 14.5 
520 11.5 
840 12.4 
1200 12.0 

OWC-12 7.2 700 16.3 
owc-13 6.6 1170 13.0 
owc-14 6.8 860 13.2 
owc-15 6.3 295 16.5 

* Cole-Parmer Digi-sense LCD pH meter Model No. 5994-10. 

** Yellow Springs Instrument salinity, conductivity and 
temperature meter Model No. 33. 

S81-5 
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TABLE 5

OBSERVED GROUNDWATER LEVELS
USGS Elevation (feet) —

/ 1

February 1981 ?larch 1981

WeliNo. 9 12 13 16 17 18 19 20 21 23 24 25 26 27 Ii 17 19

OWC—l — — — — — — 533.6 534.14* — 537.8 537.8 — 537.5 537.2 537.6 537.6 537.4

OWC—2 — — — — — — - — — ‘ 539.3 — 486.2* 482.8* 4835* 488.2 490.6 491.5

OWC—3 — — — — 523.0 522.3* — 522.1 — 522.3 522.5 — 522.3 522.5 522.8 522.7 522.5

OWC—4 — — — — 513.2 513.1* — 512.6 — 513.1 513.0* — — 512.5 512.0 511.3 510.8

OWC—5 509.8 509.5 509.1* 510.2 — — 510.6 — — 510.6 510.3 510.6* — 510.6 — 511.1 510.8

OwC—6 515.8 516.2 516.2* 517.5 — 517.4 — — — 517.4 517.3* — — 517.1 517.1 516.9 516.8

OWC-7 — — - — — - — 517.7 517.5* 517.8 517.5* - - 517.7 517.8 517.8 517.7

Owc-8 — — — — — — — - 518.9 518.4 518.3* — — 518.2 518.4 518.4 518.2

OWC—9 — 529.1 529.1* — 529.6 529.8 —- — — 529.8 529.6* — 529.1 529.3 529.8 529.7 529.7

OWC-i0 — — — 523.3 — 523.5 — — — 523.4 523.0* — — 522.8 523.1 523.4 523.2

OWC-il — - - - — - — 516.8 516.8* 517.1 517.0* — - 516.7 — 516.7 516.5

OWC—1Z — — — — — — — - — 516.7 516.7* 516.6 516.6* 516.6 516.9 516.8 516.7

OWC—13 512.8 512.4 512.5* 513.0 — — 513.5 — — 513.3 513.1 513.4* 513.3 513.5 513.6 513.3

owC—14 505.2 — 505.9* 508.9 — — 509.2 — — 509.4 509.2 507.5* 508.9 509.4 509.3 509.2

OWC-15 504.8 504.2 504.4* 504.6 - - 504.8 - - 505.0 505.0 505.0* 505.0 - 505.7 505.6

* The well was balled within twenty—four hours prior to measuring

this water level and may not have fully recovered to static level.

Water levels measured by WCC personnel using Soil Test

electronic water level indicator.

s8l—5
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TABLE 5 

OBSERVED GROUNDWATER LEVELS • 

USGS Elevation (feet) - 
February 1981 March 1981  

Well No. 9 12 13 16 17 18 19 20 21 23 24 25 26 27 11 17 19 

- 533.6 534.4* - 537.8 537.8 - 537.5 537.2 537.6 537.6 537.4 

- - - - 539.3 486.2* 482.8* 483.5* 488.2 490.6 491.5 
522.3* - 522.1 - 522.3 522.5 522.3 522.5 522.8 522.7 522.5 

OWC-4 - - - 513.2 513.1* - 512.6 - 513.1 513.0* - - 512.5 512.0 511.3 510.8 

OWC-5 509.8 509.5 509.1* 510.2 - - 510.6 - 510.6 510.3 510.6* - 510.6 - 511.1 510.8 

OWC-6 515.8 516.2 516.2* 517.5 - 517.4 - - 517.4 517.3* - - 517.1 517.1 516.9 516.8 

OWC-7 - - - - - 517.7 517.5* 517.8 517.5* - - 517.7 517.8 517.8 51 7.7 

OWC-8 - - - - - - 518.9 518.4 518.3* - - 518.2 518.4 518.4 518.2 

OWC-9 - 529.1 529.1* - 529.6 529.8 529.8 529.6* - 529.1 529.3 529.8 529.7 529.7 

OWC-I _ - ••• 

OWC-2 
OWC-3 - _ 523.0 

- - 523.4 523.0* - - 522.8 523.1 523.4 523.2 
516.8 516.8* 517.1 517.0* - - 516.7 - 516.7 516.5 

- 516.7 516.7* 516.6 516.6* 516.6 516.9 516.8 516.7 
OWC-10 - - 523.3 - 523.5 
OWC-11 - _ _ _ _ _ 
OWC-I2 - 

OWC-I3 512.8 512.4 512.5* 513.0 
OWC-14 505.2 - 505.9* 508.9 
OWC-15 504.8 504.2 504.4* 504.6 

- 513.5 - - 513.3 513.1 513.4* - 513.3 513.5 513.6 513.3 

- 509.2 - - 509.4 509.2 507.5* - 508.9 509.4 509.3 509.2 
- 504.8 - - 505.0 505.0 505.0* - 505.0 - 505.7 505.6 

* The well was balled within twenty-four hours prlor to measuring 

this water level and may not have fully recovered to static 1eve1. 

Water levels measured by WCC personnel using Soil Test 

electronic water level Indicator. 
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TABLE 6 

SLUG TEST RESULTS * 

Coefficient Coefficient 
Depth of of of 
Screened Permeability Permeability 

lnterval,ft ft/day cm/sec  

8-25 1 5 x 10-4 

7 - 17 0.3 1 x lo-4 

18.5 - 27.5 0.1 3 x 10-5 

12 - 32 0.2 7 x 10-5 

10 - 20 3 1 x 10- 3 
--- 

4- , 

Well 

OWC-6 

OWC-7 

OWC-8 

OWC-9 

OWC-15 

I 

* Methodology presented by Bower and Rice, 1976 
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TABLE 7 

ARSENIC IN SOIL 

Vertical distribution of arsenic in soil samples (parts per million)* 

B-219 Arsenic 
Sample Depth Concentration 

(ft) ug/g 

2 - 3.5 
4 - 5.5 
6 - 7.5 
10 - 11.5 
15 - 16.5 
20 - 21.5 

B-203 
Sample Depth 

(ft) 

5 - 6.5 
10 - 11.5 

OWC-10 
Sample Depth 

(ft) 

480 
160 

31 
3.6 

3.3 
5.5 

Arsenic 
Concentration 

ug/g  

4.9 
4.1 

Arsenic 
Concentration 

ug/g 

4 -  5.5 5.5 

OWC-11 
Sample Depth 

(ft) 

Arsenic 
Concentration 

uq/q  

1 - 2.5 570 

* Samples analyzed for total arsenic in accordance with procedures 

published in the Federal Register, Vol. 44, No. 233, December 23, 
1979. 
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TABLE 8 

Parameters Proposed for Analysis of Samples 

Organochlorine 
DDE 
DDT 
Endrin 
Dieldrin 
Aldrin 
Mirex 
Heptachlor 
Chlordane 
Chlorobenzi 

Pesticides 
Toxaphene 
Lindane 
Kelthane (not analyzed) 
DDD (TDE) 
Captan 
Methoxychlor 
PCB's 
Difolatan 

late 

Organophosphorus Pesticides 
Thosdrin (Mevinphos) 
Diazinon 
Guthion 

Trithion (not analyzed) 
Malathion 

Phenoxyacid Herbicides 
2,4-D 
2,4,5-T 

Miscellaneous 
Rotenone 
Amitrole 
Sevin 

Heavy Metals 
Arsenic 
Copper 
Zinc 
Cadmium 

Pesticides (not analyzed) 

Total Organic Carbon 

Standard Water Chemistry Analyses 

Note: pH, salinity, conductivity and temperature are 
determined in the field when the water samples are 
obtained. 

Parathion 



TABLE 9 

COMPARISON OF SELECTED PESTICIDE CONSTITUENTS 
IN SOIL AND GROUNDWATER FROM OWC-10 

Analyses from OWC-10  

Concentration 
In Soil* 

(4 to 5.5 ft) 
Constituent ug/g(ppm) 

Concentration 
In Groundwater 

mg/1 

Aldrin 11.9 
Chlordane ND(4.0) 
4,4-DDD 22.1 
4,4-00E 7.37 
4,4-DDT 44.2 

Dieldrin 1.99 
Endrin 1.89 
Heptachlor 8.04 
Toxaphene ND(10.0) 
PCB ND(10.0) 

Lindane 2.72 
Methoxychlor ND(4.0) 
Mirex ND(4.0) 
Captan ND(4.0) 
Difolatan ND(4.0) 

Chlorobenzilate ND(4.0) 
Arsenic 5.5 

.0121 
ND(.001) 
ND(.0002) 
ND(.0002) 
ND(.0003) 

ND(.0002) 
ND(.0004) 

.00858 
ND(.01) 
ND(.01) 

.0298 
ND(.0008) 
ND(.0005) 
ND(.0002) 
ND(.02) 

ND(.0003) 
.006 

*The soil sample was obtained approximately 1 foot above the 
static groundwater level. 

Soil samples were analyzed on a total extraction basis. The 
organic analyses of soil and water samples were performed in 
accordance with procedures published in the Federal Register, 
Vol. 38, No. 75, Pt. II. Groundwater samples were filtered 
through a glass fiber filter of 1 micron pore size prior to 
analysis. Analysis for total arsenic was performed in 
accordance with procedures published in the Federal Register, 
Vo1. 44, No. 233, December 23, 1979. 
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TABLE 10 

COMPARISON OF SELECTED PESTICIDE CONSTITUENTS 
IN SOIL AND GROUNDWATER FROM OWC-11 

Analyses from OWC-11  

Constituent 

Aldrin 
Chlordane 
4,4-DDD 
4,4-DDE 
4,4-DDT 

Dieldrin 
Endrin 
Heptachlor 
Toxaphene 
PCB 

Lindane 
Methoxychlor 
Mirex 
Captan 
Difolatan 

Chlorobenzilate 
Arsenic 

Concentration 
In Soil* 

(1.0 to 2.5 ft) 

ug/g(ppm)  

100 
ND(4.0) 

351 
126 
703 

113 
95•2 
17.8 

ND(10.0) 
ND(10.0) 

2.78 
ND(4.0) 
ND(4.0) 
ND(4.0) 
ND(4.0) 

ND(4.0) 
570 

Concentration 
in Groundwater 

mg/1 

ND(.00012) 
ND(.001) 

.00146 
ND(.0002) 

.00146 

.0173 

.00055 
ND(.0001) 
ND(.01) 
ND(.01) 

.106 
ND(.0008) 
ND(.0005) 
ND(.0002) 
ND(.02) 

ND(.0003) 
.110 

The soil sample was obtained approximately 3 feet above the 
static groundwater level. 

Soil samples were analyzed on a total extraction basis. The 
organic analyses of soil and water samples were performed in 
accordance with procedures published in the Federal Register, 
Vol. 38, No. 75, Pt. II. Groundwater samples were filtered 
through a glass fiber filter of 1 micron pore size prior to 
analysis. Analysis for total arsenic was performed in 
accordance with procedures published in the Federal Register, 
Vo1. 44, No. 233, December 23, 1979• 
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TABLE 11 

Extraction Procedure Toxicity Analyses 

Analyses were performed according to "Methods for Analysis of Water and Wastes", EPA-600/4-79-020, using a Perkin-
Elmer 503 Atomic Absorption Spectrophotometer equipped with a flame and graphite furnace. Analyses were performed 
by Bruce Fast and Robert Rickard. 

Organic compounds were analyzed, according to "Methods for Benzidine, Chlorinated Organic Compounds, Pentachlorophenol 
and Pesticides in Water and Wastewater", U.S.E.P.A., September 1978, on a Hewlett-Packard 5710 gas chromatograph 
equipped with a Ni63 electron capture detection on a 1.5% SP-2250/1.95% SP-24O1 Supelcoport 100/120 column at 185°C 
with a carrier gas flow of 60 ml/min. Analyses were performed by Clifford Baker. 

 Analyses Results 

  
Soil beneath 

Pond 
Sediment from 

Pond  
S8I-5 8212 3 ft. 1-3,4 

8103-0213E 

Soil from 
Waste Pile  

EPA Hazardous 
Analysis Waste Number 

Toxicity Limit S81-5 B212 7 ft. 3-3,4 
(mg/1) 8103-0213E 

S81-5 Soil Pile 
8103-0184E      

Arsenic D004 5.0 
Barium D005 100 
Cadmium D006 1.0 
Chromium D007 5.0 
Lead D008 5.0 
Mercury D009 0.20 
Selenium DO10 1.0 
Silver DO11 5.0 
Endrin D012 0.02 
Lindane D013 0.4 
Methoxychlor D014 10.0 
Toxaphene D015 0.5 
2,4-D D016 10.0 
2,4,5-TP D017 1.0  

ND(0.05) 
ND(0.2) 
ND(0.05) 
ND(0.05) 
ND(0.2) 
ND(0.001) 
ND(0.01) 
ND(0.05) 
ND(0.005) 
ND . 
ND(0.05) 
ND(0.05) 
ND(0.01) 
ND(0.005) 

2.8 
ND(i.0) 
ND(.01) 
ND(.05) 
ND(.10) 
ND(.000I) 
ND(.01) 
ND(.05) 
ND(.005) 

. 
ND(.05) 
ND(.05) 
Nu(.ui) 

.019 

0.033 
ND(0.2) 
ND(0.05) 

0.20 
ND(0.2) 
ND(0.001) 
ND(0.01) 
ND(0.05) 
ND 0.005 

0.021 
ND(0.05) 
ND(0.05) 
ND(0.01) 
ND(0.005) 

ND denotes none detected. The detection limit of the method is shown in parentheses. 

WILSON LABORATORIES 

/71" 7 "7..• • . - . 
Robert L. Neve 
Chief Chemist 

File No. 8i-9521 
Lab No. 8103-0213E & 8103-0184E 
Date: 13 March 1981 

EP TOXICITY TEST RESULTS FOR SOIL/ROCK WASTE PILE 
AND NATURAL SOIL APPROXIMATELY 4 FEET BELOW THE BOTTOM OF THE 

STORM WATER RETENTION POND 
/ 
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Missourl 
Groundwater 

Rechar9e Standards* OWC-14 OWC-15 Limit 
Detectlon 

1.3 ND ND 
.8 ND ND 
.3 .5 ND 

Water Standards* OWC-I2 

ND 
1.2 
ND 

OWC-I3 

100 
10 

1.0 
.1 
.2 

EPA Drinking 

.2 

.3 - _ 

.12 _ - 

.5 

.2 

.4 

_ - - _ 
_ - - _ 
.2 _ - 

2.0 
2.0 
.5 

ND ND ND ND ND 100 ND ND 6.6 5.7 223 ND ND ND 
ND ND ND 3.8 2.2 6.1 1.6 ND 26.7 2.5 10.9 ND ND ND 
ND ND 3.07 ND ND ND ND ND ND ND ND ND ND ND 

- _ - _ 
-- 
4.0 - _ 

-_ 

- _ 

ND 1600 ND ND ND ND 
ND 2.3 7.9 ND ND ND 

ND 
ND 

ND 
ND 

ND 
ND 

10.0 ND 
ND 

ND 
ND 

ND 
ND 2.0 -_ 

ND ND 
ND ND 

PCB 
Phosdrin _ - 

• 

.20 
1.0 
.30 

20.0 
100.0. 

.8 
10.0 

Captan 
Chlordane 
Chlorobenzilate 
Difolatan 
Guthion 
Methoxychlor 
Toxaphene 

'The EPA Drinking Water Standards and 
Missouri Groundwater Recharge Standards 
are shown for comparison purposes only. 

The samples were not analyzed for: Kelthane, Trithion, Rotenone, 

Amitrole, and Sevin. 

• 

, 614C, 
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Groundwater samples for organic analyses were filtered through 1 micron pore size glass 
fiber filters prior to analysis. Samples for organic analyses were analyzed in accordance 
with procedures published in the Federal Register, Volume 38, No. 75, Part 11. 

, Page I of 2 

TABLE 12 

GROUNDWATER QUALITY ANALYSES - ORTHO-CHEVRON, MARYLAND HEIGHTS, MISSOURI 

Concentrations, ug/I (ppb)  

OWC-1 OWC-3 OwC-4 OWC-5 OWC-6 • OWC-7 OwE-8 OwC-9 OwC-l0 OwE-11  

1.8 ND 47 ND 1.1 2.6 87.8 ND 30.9 2300 
ND .1 1.9 ND ND .2 9.7 ND 15.7 18.8 
ND ND ND ND 2.53 ND ND 1.08 ND 1.46 

ND ND ND ND ND ND ND .22 ND ND 
ND ND ND ND .96 ND ND .53 ND 1.46 
.12 ND ND ND 6.94 63.3 4.59 .26 12.1 ND 

ND .35 ND ND 
4.8 ND ND ND 
17.7 16.3 .88 ND 

4,4-DDE 
4,4-DDT 

~/ Aldrin 

1.7 1.6 ND 27.3 427 37.8 ND 377 11.1 
ND -ND ND 3.89 ND 1.45 .55 ND 17.3 
ND ND ND ND ND ND ND ND .55 

4.3 ND ND ND 
7.8 1.06 .69 .21 
4.3 ND ND ND 

ND ND ND ND .8 12.9 2.5 ND ND ND 53.2 ND ND ND .5 
ND ND 1.76 ND 4.52 ND ND ND 8.58 ND ND ND ND ND .1 
.26 1.07 1.25 .29 43.2 1880 184 .82 29.8 106 417 2300 .93 .23 .1 

Ethyl-Parathion 
, Heptachlor 
/Lindane 

./ ,. 

n' 
. Malathion 

Methyl-Parathion 
Mirex 

The following organic pesticide compounds were analyzed for 

and were not detected in any of the groundwater samples: 

Constituent Detection Limit, ug/1 (ppb)  

• 

Organic Constituents  

/ 
12,4-0 
j 2,4,5-T 
../4,4-DDD 

• 

WDiazinon 
j Dieldrin 

Endrin 

ND 
ND 
ND 

• 

• 



6 
TABLE 12 

GROUNDWATER QUALITY ANALYSES - ORTHO-CHEVRON, MARYLAND HEIGHTS, MISSOURI 

Concentrations, mg/I (ppm)   

Page 2 of 2 

Missouri 
Groundwater 

Recharge Standards*  
Detectlon 

Inorganic Constituents OWC-I OWC-3 OWC-4 owc-5 OWC-6 OWC-7 owC-8 OWC-9 OWC-10 OWC-11 OWC-12 OWC-13 OWC-14 OWC-15 Limit 
EPA Drinking 

Water Standards* 

Arsenic .01 .024 ND .003 .056 .13 .005 .005 .006 .11 ND ND .008 ND .001 .05 .05 
Cadmium .0005 .0006 .0021 .001 .0021 .012 .001 ND .010 .001 .001 .0006 .ooi8 ND .0005 .01 .01 
Copper . .0027 .0069 .0023 .012 .0018 .096 .0028 .0015 .063 .0034 .0055 .0032 .020 .002 1.0 .02 

Zinc .05 .04 .048 .07 .039 .36 .059 .04 .24 .061 .03 .05 .08 .03 
pH 6.3 6.4 6.3 6.5 6.2 6.5 6.7 6.7 6.3 7.0 7.2 6.6 6.8 6.3 
Total Dissolved Solids 788 855 1190 860 638 1255 907 550 777 876 634 1000 756 273 

- 
- 

5.0 
6.5 - 8.5 
500 

.1 
6.5 - 9.0 

- 

Chloride 
Flouride 
Nitrate (as N03) 
Sulfate 

142 284 540 46 116 296 120 7 112 264 20 232 74 29 
.22 .14 .11 .14 .19 .24 .21 .52 .20 .17 .34 .14 .17 .14 

11.5 8.o 12.4 0.0 4.0 0.0 .9 6.2 0.0 1.8 1.3 0.0 4.43 8.4 
140 115 75 95 145 220 95 35 115 125 125 200 100 60 

- 
- 
- 

250 
1.4 - 2.4 

45 
25o 

- 
2.0 

45 

*The EPA Drinking Water Standards and Missouri 
Groundwater Recharge Standards are shown for 
comparison purposes only. 

Groundwater samples to be analyzed for heavy metals were filtered through 0.45 micron pore size filter membranes 

and acid preserved at the time of collection. The groundwater samples analyzed for inorganics were analyzed in 

accordance with procedures published in the Federal Register, Volume 44, No. 233, December 23, 1979. 
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BORING LOG  

LEGEND AND NOMENCLATURE  

Items shown on boring logs refer to the following: 

1. Depth - Depth below reference elevation, ground surface unless 
otherwise shown. 

2. Sample - Types designated by letter 

D - Disturbed sample, obtained from auger cuttings or wash 
water for classification purposes only. 

S - Split-Spoon sample, obtained by driving 2-inch split-spoon 
to determine penetration resistance and allow classification. 

C - Liner tube sample, obtained by penetration of thick, wall 
sampler containing 2-inch diameter liner-tubes (California 
sampler). 

U - Undisturbed sample, obtained by penetration of minimum 3 inch 
diameter, thin-wall tube using an open or, where indicated, 
fixed-piston sampling head. 

Rec - Recovery is expressed as a ratio of the length recovered 
to the total length pushed or driven (in inches) i.e. 8 

12 
Resist - Resistance is designated as follows: 

P - Sample pushed in one continuous movement by hydraulic rig 
action, maximum hydraulic pressure shown where pertinent. 

- Numbers indicate blows per 6 inches of sampler penetration 
when driven by a 140-pound hammer falling freely 30 inches. 
The Standard Penetration Resistance is the number of blows 
for the last 12 inches of penetration of the split-spoon 
sampler, e.g. 15. Note that a blow count can be given for 
the California sampler, but this is not the Standard Penetration 
Resistance. 

3. Description - Description of material according to the Unified Soil 
Classification: word description gives soil constituents, consistency 
or density, and other appropriate classification characteristics. Unified 

Soil Classification symbols are shown on the USC column. Geologic 
names, where appropriate, are shown under Special Notes. A solid 
line indicates stratigraphic change; a dashed line indicates approximate 
location of stratigraphic change. 

4. Special Notes and Field Observations - Pertinent observations made by 
inspector during drilling including type of boring, free water level, 
water seepage, fluid loss, hole termination depth, etc. 

5. Legend - 

CFA - Continuous flight auger 
ATD - At time of drilling 

AD - After drilling 
DWL - Drill water loss 
DWR - Dri11 water return  

Water depth at specified 
time after drilling 

4— Water entry depth at time 
of drilling 
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SPECIAL NOTES AND 
FIELD OBSERVATIONS 

DEPTH SAMPLE 
TYPE REC RESIST 

DESCRIPTION 

BORING LOG 
SHEET 1  OF  2 

PROJECT NAME 

B-201 

SURFACE ELEVATION 

ORTHO CHEVRON 

PROJECT LOCATION ST. LOUIS, MISSOURI 

LOGGED BY Peter Barrett DRILLED BY  G. Johanning 

534 ELEVATION DATUM USC & GS  

PROJECT NO. S81-5  

DATE 2/3/81  

RIG CME 750  

WATER ENTERSEI 524 ATD  

El 529 24 hr 

Asphalt and Gravel FILL Boring advanced 
with 6-inch 

Firm to stiff, brown, low plastic silty F diameter hollow 
Clay FILL - I. stem auger 

C 14 P L 
TS .11 - •••• 

Mal 

5  
C 12 P 

Firm to stiff, brown, low plastic Silty 
CLAY 

CL Modified loess 

‘17  24 hrs AD 
— 1•In - 

.1M 

•••••I 

10 . 
C 16 P Becoming stiff, low to medium plastic 

a- ATD 

11•1•6 
with black iron deposits — - 

- 11•1.1 

1.11 ~-

1 --~ 
C 15 Becoming medium to highly plastic CL-

•••I CH 

— .11•1 

— 

- - 
20 

C 14 P 

Hard, tan, brown, gray, highly plastic CH Residual 
• 

CLAY with trace of silt, and black iron 
deposits 

1.1 — - .111 

— - 4.11. 

25 
WOODWARD-CLYDE CONSULTANTS FIGURE NO. A-1 



PROJECT NAME ORTHO CHEVRON 
  

B-201 PROJECT LOCATION ST. LOUIS, MISSOURI 

LOGGED BY  Peter Barrett  DRILLED BY G. Johanning  
SURFACE ELEVATION  534 ELEVATION DATUM USC & GS 

30_ 

m••••• 

sm. 

MOM 

• 

dm. 

..mr 

• 1 

MIN 

BORING LOG 
SHEET 2 OF 2  

PROJECT No.  S81- 5  
DATE 2-3-81  

RIG CME 750  

WATER ENTERS  E1 524 ATD 
E1 529 24 hr AD 

DEPTH SAMPLE DESCRIPTION U.S.C. 

SAME: Hard, multi-colored, highly plastic CH 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

Auger refusal 
Bottom of boring 

27 ft 

RESIST TYPE REC 
25 " c 

eml 

10 P 
_ CLAY with shale fragments 

— 

IMM 

WI= 

QM, 

MM• IMO 

OMR 

•••,. 

MMO — 

SIM 

7 

MON 

IMM 

••••••• 

WO% 

.MM 

1•••••••• 

=WIN 

MOO 

•••• 

gm, 

••••••=1 

- 

- 
WOODWARD-CLYDE CONSULTANTS FIGURE NO.  A-2 



DESCRIPTION 
0 

DEPTH' SAMPLE 
TYPE REC RESIST 

U.S.C. SPECIAL NOTES AND 
FIELD OBSERVATIONS 

— • 

— • 

'MO 

- 

- 

C 9 P 
"TW 

- - 

- 

-  

5  

BORING LOG 
SHEET 1 OF  2 

ORTHO CHEVRON PROJECT NO. S81-5 PROJECT NAME 

B-202 

SURFACE ELEVATION  

ViC717 -  DATE  

PROJECT LOCATION ST. LOUIS. MISSOURI RIG CME 750 

LOGGED BY Peter Barrett DRILLED BY  G. Johanning WATER ENTERS  El 513 ATD 

526 ELEVATION DATUM USC & GS 

Asphalt and Gravel FILL FILL Boring advanced 
- with 6-inch 

Stiff, brown, low plastic Clayey SILT CL diameter hollow 

C 9 P 
with some root holes stem auger MM. 

• 

- _ 
10 Modified loess - 

C 14 P 

MEM - 
••=1 dm•IN 

=MO ATD ••••il 

  
— 

  
MEM 

1       

=MR 

 

C 14 P 
T4 

Very stiff, brown with gray, highly  CH  

 

MEN' 

 

— plastic Silty CLAY •m•I 

 Transitional 
OEM 

=MO 

20 — - 
C 14 P 

T4 
aml •••• •••••1 

— MM. 

••••, 

— 
Hard, gray, Shaley CLAY CH- Residual 

—SH IMO 

25 SHALE: Hard, qray. weathered SH 

WOODWARD-CLYDE CONSULTANTS FIGURE 



TYPE 25 . c 
"MI 

-  

-  

- 

-  

- 

••• 

fin=••=0 

tomb 

— 

=NM 

Oa= 

MMI• 

PROJECT NAME 

BORING LOG 
SHEET 2 OF  2 

ORTHO CHEVRON PROJECT NO. S81 -5 
 

DATE 2/10/81  

PROJECT LOCATION ST. LOUIS. MISSOURI RIG CME 750  
Peter Barrett G. Johanning WATER ENTERS  E1 513 ATD LOGGED BY DRILLED BY 

B-202 

     
SURFACE ELEVATION  526 ELEVATION DATUM USC. & GS 

DEPTH SAMPLE DESCRIPTION 

SAME: SHALE: Hard, gray, weathered 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

U.S.C. 

SH 
RESIST 

P 
REC 

7/7 
.01 

mml 

ma' 

ONE 

SEMEN= 

Ilm=1 

••••• 

— 

ONO 

IMO 

WIND 

Bottom of Boring 
30 ft MIN 

'MN 

•••IN 

MENI 

11••• 

AIM mml 

1•MI 

— 

•••=1 

"mel 

mmol 

WOODWARD-CLYDE CONSULTANTS FIGURE NO  A-4 



DESCRIPTION U.S.C. 

Stiff, brown, silty Clay FILL_ FILL 
•••• 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

Boring advanced 
with 6-inch 
diameter hollow 
stem auger 

DEPTH SAMPLE 
TYPE REC RESIST 

0 

C 3 P 

=al ••• 

BORING LOG 
SHEET 1  OF  2 

PROJECT NAME ORTHO CHEVRON PROJECT NO. S81-

ST. LOUIS, MISSOURI DATE 1/26/81  

PROJECT LOCATION  RIG CME 750 

D LOGGED BY  Peter Barrett  DRILLED BY  G. Johanning WATER ENTERS  None ATD 

B-203 

SURFACE ELEVATION 517 ELEVATION DATUM USC & GS E1 498 24 hr AD 

C 2 

- TB- Stiff, brown, Silty CLAY _ CL IME 

5 - 
C 3 

— Tg Nab OMNI OWN 

— — — 

10 
C 2 

Becoming very silty CL-
ML 

Modified loess --1 

Tg 

 

"MIN 

0011 

- 
I••••• 

msol aml 

— 

15    
C 2 P 

Tg ••=1 

- OEM MEM 

— ••=i0 

✓ 24 hr AD — Irms• 

Very stiff, brown, Silty CLAY with sand — CH 
20 

4 
' 2 P 

and gravel 

— TE - Residual 

— — • 

OEN 

WINO — 

25 

WOODWARD-CLYDE CONSULTANTS FIGURE NO. 



PROJECT NAME ORTHO- CHEVRON 

BORING LOG 
SHEET 2  OF  2  

PROJECT NO. S81 -5 
     

B-203 

SURFACE ELEVATION 

DATE 1/26/81  

PROJECT LOCATION  
ST. LOUIS, MISSOURI 

RIG CME 750  

WATER ENTEROone ATD 

E1 498 24 hr AD 
LOGGED BY  Peter Barrett  DRILLED BY  G. Johanning 

517 ELEVATION DATUM USC & GS 

DEPTH SAMPLE DESCRIPTION 

SAME: Very stiff, highly plastic CLAY CH 

LIMESTONE LS 

IMO 

- 

- - 

—   OMNI  

- 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

Auger refusal 

Bottom of boring 
26ft 

U.S.C. 
TYPE RESIST REC 

25 

-  

- 

-  

30--

- 

- 
- 

-  

MI= 

- 

—  

— 11•=1 

NNW 

OWN 

OMNI 

— _ 
- 
•••• 

— 

- 
I 

l•••• 

- 
- 

ONO 

MIN 

- 

••••=1.1.1 

- 

MEN 

- 
- 

•••••I 

OMIN 

- 

MM, 

.•••I 

- 
- 

WOODWARD-CLYDE CONSULTANTS FIGURE NO.  A-6 



DEPTH SAMPLE 

0 TYPE REC RESIST 
DESCRIPTION U.S.C. SPECIAL NOTES AND 

FIELD OBSERVATIONS 

5 I  

C 13 P 
— Tg 

Stiff, gray and brown, low plastic CL 
Silty CLAY Stream deposit 

BORING LOG 
SHEET 1 OF  2 

PROJECT NAME 

B-204 

SURFACE ELEVATION 

ORTHO CHEVRON  
8 

PROJECT NO. S81 - 
DATE 2/9/ 

5
1 

 

PROJECT LOCATION ST. LOUIS, MISSOURI RIG CME 750  

LOGGED BY  Peter Barrett DRILLED BY  G. Johanning WATER ENTERS  El 489 ATD 
514 

ELEVATION DATUM USC & GS 

 

Firm to stiff, brown Clay FILL FILL 
— 

Boring advanced 
with 6-inch 
diameter hollow 
stem auger 

 

 C 11 P   
"MN, 

- IMO 

- 

— 41=1•1 

C 13 P With organics 

— T8. 41.01 — 
F=I1 MEM' 

10 
13 P Firm to stiff, brown, low plastic Silty Modified loess 

18 PIM CLAY m •• I 

, MM. 4•=• 

dl•mil 

MON 

• 

15 
C 16 P 

Becoming low to medium plastic 

— Tg MIN • 

QIN — =MI 

- - 

20  Stiff to hard, gray, highly plastic CH Residual 

C 13 P 
CLAY with trace silt 

 
Tg - — - 

MOM •MIMI ONO 

••••li — 
- — 

25 

WOODWARD-CLYDE CONSULTANTS FIGURE 



B-204 

SURFACE ELEVATION 

PROJECT NAME ORTHO CHEVRON   

SHEET 2  OF  2  

PROJECT NO.S81-  

DATE 2/9/81  

RIG CME 750  
WATER ENTERS  El 489 ATD 

PROJECT LOCATION ST. LOUIS, MISSOURI 

LOGGED BY  Peter Barrett DRILLED BY  G. Johanning 
5 t 4  ELEVATION DATUM USC & GS 

TYPE 
~5

 
C 

- 

BORING LOG 

U.S.C. 

CH 

- 

- 

DEPTH SAMPLE 
REC . 
11 
TS 

DESCRIPTION 

SAME: Stiff to hard, gray, highly 

— plastic CLAY 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

4- ATD 

RESIST 
P - 

MIN 

— With rock fragments eml 

30_ 

- 

- 

••••I 

Mal 

l••••••• 

Auger refusal 

LIMESTONE LS 
WPM. -  

   r-- -  
     

mma. - 
l•••• 

WM* =WI 

Bottom of boring 
31 ft 

mi•MI 

IMMO 

- 

•Ilm•• 

=MI 

- 
- 

V.••• 

IMM 

paMo 

Wan 

,m•M. 

- 
- 

- 

=MO 

GUNN 

NMI 

- 
-  

.8/ 

- 

- 
WOODWARD-CLYDE CONSULTANTS FIGURE No  A-8 



DEPTH SAMPLE SPECIAL NOTES AND U.S.C. DESCRIPTION 
0 

FIELD OBSERVATIONS 
• 

TYPE REC RESIST 

BORING LOG 
SHEET 1  OF  2  

PROJECT NAME 

B-205 

SURFACE ELEVATION  

ORTHO CHEVRON PROJECT NO. S81- 5 

DATE 1/26/81 

PROJECT LOCATION  ST. LOUIS, MISSOURI RIG CME 750  
Peter Barrett G. Johanning  LOGGED BY DRILLED BY ATD WATER ENTERSE 1  506  

516  ELEVATION DATUM USC & GS El 509 24 hr AD 

Stiff, brown, low plastic silty Clay :ILL Boring advanced 
C 9 P FILL with cinders and gravel with 6-inch 

- 18 - — diameter hollow 
stem auger 

C 13 P 
TIT 

Stiff, dark gray-brown, low plastic 
Silty CLAY 

— CL Stream deposit 

- - SIM 

5  
C 14 P 

- 'Mb 

. Stiff, brown, Silty CLAY V 24 hrs AD 
••••I 

C 14 P Modified Loess 

— 

MINN 

10 
C 14 P 

- 4-- ATD 

Tg 
OM. 

- 

15  
C 14 P 

SEM 

MEM - 

- 
- - msl 

MEM' 

20 
14 P 
18 - 

MIN - 
— MEI 

Very stiff, brown, highly plastic Silty CH Residual 
— CLAY with rock fragments — — 

25 
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BORING LOG 
SHEET 2  OF  2  

ORTHO CHEVRON  PROJECT NO. 

 C

S

114

8

12:7

-

E 7

5

/5801 

 

DATE  

PROJECT LOCATION ST. LOUIS, MISSOURI  RIG 

SURFACE ELEVATION 516  ELEVATION DATUM USC & GS 

WATER ENTERS 

E1 509 24 hr AD 
El 506 ATD LOGGED BY Peter Barrett DRILLED BY  G. Johanning  

PROJECT NAME 

B-205 
1 

DESCR I PT ION 

SAME: Very stiff, brown, highly plastic 
_ Silty CLAY with rock fragments 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

DEPTH SAMPLE U.S.C. 

CH 
-RESIST, TYPE 

C 
REC 

6 
Tir 

25 
P 

NMI 

WIN - 

- 

30 - - 
- 

•••••••1 

- 

- 

- 
 -  
L I MESTONE 

 
LS 

  

      -  
    

In=  -  

Bottom of Boring 
28 ft anin 

40:1 

- 

Immo 

~-

I - 

- 

- 

- 
- 

OEM 

- 
Om• 

- 

••••I 

- 
-  

- 

- 

••• 

Mal 

- 
- 

— 

- 
••=1 

'MEW 

mool 

- - - 

OMNI 

WOODWARD-CLYDE CONSULTANTS FIGURE NO.  A-10 



0 
TYPE REC RESIST 

- 

5 
C 12 P 

~ —ATD 

- 

— 

- 
— 

Residual CH 

PRONECT NAME 

B-206 

SURFACE ELEVATION 

ORTHO CHEVRON PROJECT Na S81-5 

DATE 2/13/81  
ST. LOUIS, MISSOURI 

PROJECT LOCATION  RIG CME 750 

LOGGED BY  Peter Barrett  DRILLED BY  G. Johanning WATER ENTERS  E1 503 ATD 

518 ELEVATION DATUM USC & GS 

C 15 P 
TB-

DEPTH SAMPLE DESCRIPTION 

- inches asphalt  

TB-

Stiff, brown, low plastic Silty CLAY 

Becoming low to medium plastic 

~-

=MI 

C 13 P 
TS' — 

— 

10 
C 15 P 

T$' 
mml 

ImMr 

— 

- 
•=4.1 

— l•M• 

15  
C 13 P 

Tif - - 

•••• 

, Stiff to hard, brown, highly plastic 
CLAY with trace silt 

C 16 P 
78-- 

f - 
— — Becoming red-purple 

— - 

20 

25 

WOODWARD-CLYDE CONSULTANTS 

••••1 

— 

FIGURE NO  A-11 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

U.S.C. 

_ Firm, brown Clay FILL with gravel and 
cinders 

Stiff, gray with brown, low plastic 
Silty CLAY 

Boring advanced 
with 6-inch 
diameter hollow 
stem auger 

Stream deposit 

Modified loess 

FILL 

— 

— 

CL 
mmimmml 

OMR 

'MN 



B-206 

PROJECT NAME 

SURFACE ELEVATION 

SHEET 2 OF  2 

PROJECT NO. S81-5  

DATE 2/13/81 

RIG CME 750 

WATER ENTERS  E1 503 ATD 

BORING LOG 

ORTHO CHEVRON 

ST. LOUIS, MISSOURI 
PROJECT LOCATION  

Peter Barrett LOGGED BY  DRILLED BY  G. Johann i ng 

518 ELEVATION DATUM USC & GS 

U.S.C. 
TYPE 

DEPTH 

25 RESIST 
SAMPLE 

REC . 
DESCRIPTION SPECIAL NOTES AND 

FIELD OBSERVATIONS 

30/3 S 3/3 
=MY - ,II 

LS 

Bottom of boring 
25.3 ft 

Auger refusal 

---NSAME: Hard. red-purple CLAY/ 

— LIMESTONE 

WOODWARD-CLYDE CONSULTANTS FIGURE NO  A-12 

- 
MEN 

- 
- 

30 
- 

- 

- 

- 

- 
- 

MIMI 

- 

..••1 

WWI 

- 

- 

••••• 

mail 

••=1 

- 

- 

RIM 

- 
- 
- 
Imm. 

- 

- 

,k. 

1.• 

li • 

*.m. 

IIIMIP 

- 

- 
MMENIIM 

- 
,,. 

1.m. 

- 

- 

- 

dmIll 

- 

... 

IMM•IMI 

••••1 

MM.. 

,NIM 

IMI•mallif 

•MIII 

• 

•ml 

OM 

- 

••••• 

MI= 

--i 
- 

,II 

,I1 

'IMO 

• 

II=MI 

,•I 

••••• 

,II 

Omml 

=NMI 

•••••I 

.III 

• IIMIO 

0mM 

MEN 

••••1 

=MIN 



DESCRIPTION 
0 

U.S.C. SPECIAL NOTES AND 
FIELD OBSERVATIONS 

DEPTH SAMPLE 
TYPE REC RESIST 

Stiff, brown, silty Clay FILL with gravel 
and organics 

Boring advanced 
with 6-inch 
diameter hollow 
stem auger 
Some odor 

C 14 P 
TIT - - 

FILL 
— 

— 

BORING LOG 
SHEET 1  OF  2  

PROJECT NAME 

B-207 

SURFACE ELEVATION  

ORTHO CHEVRON PROJECT NO. S81 -5 
DATE 2/2/81  

ST. LOUIS, MISSOURI CME 750  PROJECT LOCATION  RIG 
LOGGED BY Peter Barrett DRILLED BY  G. Johanning WATER ENTERS  EL 510 ATD 

520 ELEVATION DATUM USC & GS 

C 11 P 
TB- - 

5 

 
10 P 

18 
 

Firm to stiff, brown, low to medium CL 
plastic Silty CLAY  

 
— 01.1 

C 12 P 

— With some gray — Modified loess 

- — - • 

10 ATD 
=MM. 

C 13 P 
TB-- 

— 

   
MEM 4.10 ••••• 

 
— 

  
.0•1 

15      

 •••• 

C 0 P 
T8- — • minl 

r MIM 

SIM 

— _ 111 — 

2 
C 1 

Tif 
Becoming more tan-brown, medium plastic, 
with black deposits 

Transitional to 
residual - 

- - 

ONO 

Hard, multicolored, highly plastic CLAY CH 
••=11 — with silt and fine sand - 

Residual 
25 

WOODWARD-CLYDE CONSULTANTS FIGURE NO.  A-13 



DESCRIPTION 

CH SAME: Hard, multicolored, highly plastic 
— CLAY with silt and fine sand with — 

shale fragments at base 

BORING LOG 
SHEET 2  OF  2 

ORTHO CHEVRON PROJECT NO.  S81-5  

DATE 2/2/81  
ST. LOUIS, MISSOURI 

PROJECT LOCATION RIG CME 750 

LOGGED BY  Peter Barrett  DRILLED BY  G. Johannina WATER ENTERS  El 510 ATD 

520 ELEVATION DATUM - USC & GS 

PROJECT NAME 

B-207 

SURFACE ELEVATION 

— 

- 

25 
DEPTHI SAMPLE 

TYPE 

C 7/9 
REC 

P 

U.S.C. 
RESIST 

Auger refusal 

• 

WOODWARD-CLYDE CONSULTANTS FIGURE Na  A-14 

••=1 

— 
••••=1=0 

- 
— 

IMO 

- 
mml 

••••••lil 

MIM 

— 

- 
- 
— 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

Bottom of boring 
26 ft 



PROJECT NAME 

BORING LOG 

ORTHO CHEVRON 

SHEET 1 OF  2  

PROJECT NO.  S81- 5  

DATE 1/29/81  

RIG CME 750  
WATER ENTERS  El 523 ATD 

B-208 PROJECT LOCATION ST. LOUIS, MISSOURI 

LOGGED BY Peter Barrett DRILLED BY  G. Johanning 
 
SURFACE ELEVATION 533 ELEVATION DATUM USC & GS 

DEPTH SAMPLE 

0 
TYPE REC RESIST 

C 6 P 
TB" WIN 

DESCRIPTION 

Railroad ballast 
Loose, black, cinder FILL 

Brown, low plastic, clayey Silt FILL 

U.S.C. SPECIAL NOTES AND 
FIELD OBSERVATIONS 

=ILL Boring advanced 
with 6-inch 
diameter hollow 

— stem auger 'am 

— 
12 P 

- TIT 
ImMID Becoming gray 

5  
C 10 P 

TB" Imm Becoming brown gime 

1 

12 P  
Stiff, gray, low plastic, very Silty 
CLAY 

- 
CL Stream deposit 

— 1Imi•  .EM 

- 
10 .  

C 18 P • 

Becoming brown with black organics, 
root holes, etc. 

ATD 

- 
— 

— 
MIN 

— 
15 . • 

C 18 P Brown Silty CLAY Modified loess 
41. 18 — 

•••=I Mom — 

- — MOM 

- - Mal 

20 
C 18 P Becoming more plastic 

111-
MIER MEM amN 

mal 'ma= — 

— — 
— REMO 

25 
Becoming very stiff 

WOODWARD-CLYDE CONSULTANTS FIGURE NO. A-15 



BORING LOG 
 SHEET 2 OF  2 

PROJECT NAME ORTHO CHEVRON PROJECT NO, S81-5 

B-208 

SURFACE ELEVATION 

DATE 1/29/81  
ST. LOUIS, MISSOURI 

PROJECT LOCATION RIG CME 

" 
. 7i;)

3 
 

LOGGED BY  Peter Barrett  DRILLED BY  G. Johanning WATER ENTERS 5 ATD 

533 ELEVATION DATUM USC & GS 

DEPTH SAMPLE SPECIAL NOTES AND 
FIELD OBSERVATIONS 

Residual 

DESCRIPTION 

Very stiff, brown with gray, highly plastic 
— CLAY — 

_ — 

U.S.C. 

CH 

REC 

18 
TET 

TYPE 

~5 c 
RESIST 
P 

WWI 

•MI 

ONO 

SENN 

- 
- 

4••• 

CH-
SH 

30 

C P 
41. 

Hard, gray with brown mottling, shaley 
H CLAY to weathered Clayey SHALE 

17 
17 

— 

35 

— 

— 

ENO 

Auger refusal 

LS LIMESTONE Bottom of Boring 
35 ft WINO 

H •=0•1 MEMO 

— 

WEN, 

Il••===. 

pan. 

vomg. 

410•1 

Mml 

RM. 

- 

41.0 

•••W 

  

— 

— 

     

WOODWARD-CLYDE CONSULTANTS FIGURE NO  A-16 



PROJECT NAME 

B-209 

SURFACE ELEVATION 

U.S.C. 

0 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

DEPTH SAMPLE 
TYPE REC RESIST 

DESCRIPTION 

— Tg _ CLAY 
14 P Firm to stiff, gray, low plastic Silty 

— 

BORING LOG • 

SHEET 1 OF  2  

ORTHO CHEVRON PROJECT NO. S81-5 

DATE 2/2/81  
ST. LOUIS, MISSOURI 

PROJECT LOCATION RIG CME 750 

LOGGED BY  Peter Barrett DRILLED BY  G. Johanning WATER ENTERS  EL 522 ATD 
530 ELEVATION DATUM USC & GS 

Ballast, loose gravel and cinder FILL 7 ILL Boring advanced — — with 6-inch 
diameter hollow 

C 10 P Stiff, gray, silty Clay FILL with 
stem auger WPM 

— _ organics and rock fragments — With odor 

5 
C 14 P 

Tg — 
Stiff, brown and gray, low plastic 
Silty CLAY with organics — 

CL Stream deposit 
m•I 

C 13 P 

Without organics 
— 

C 14 P Becoming gray with brown, more silty 

18 
- =MI 

With root holes, 
MIN 

iron stains 
=IN 

4---ATD 

Modified loess 

am.1 

- 
10 

ma' MINIM 

,•=11 _ mml ..••• 

l•••• - 
15 

 
Becoming brown-gray 

C 14 P 
Tg • 

- - emu 

••••il — Very stiff, brown-tan-brown, highly 
plastic CLAY with trace silt, black 

— deposits 
 

CH Transitional to 
residual 

WEN 

- 
20 

C 10 P 
Tg   • — — amid 

=MI - OM, 

Stiff, light brown, low to medium plastic CL 
_ Silty CLAY am. 

25 

WOODWARD-CLYDE CONSULTANTS FIGURE NO  A-17 



BORING LOG 
SHEET 2 OF  2 

ORTHO CHEVRON PROJECT NO. S81-5 PROJECT NAME 

ST. LOUIS, MISSOURI DATE 
2/2/81  

PROJECT LOCATION  RIG CME 750 

LOGGED BY Peter Barrett DRILLED BY G. Johanning WATER ENTERS  El 522 ATD 
B-209 

530 ELEVATION DATUM USC & GS SURFACE ELEVATION 

SPECIAL NOTES AND DEPTH SAMPLE DESCRIPTION U.S.C. 
RESIST TYPE REC _ FIELD OBSERVATIONS 25 

16 P C SAME: Stiff, light-brown, low to medium CL 
15 — plastic, Silty CLAY -  

- 

0.1 - 
Hard, varicolored, highly plastic CLAY Residual CH 

-  •••Il 

30 
P C 11 

- 

_ - 

- - 
- 

35 — Auger refusal =NONE 

_ L I MESTONE Bottom of Boring — LS - 
35.5 ft 

••••1 - • 

•••• 

••••1 

4o 

Mal •••• 

- 
••••I - 

— all•••••1 

• — .11 

-  

••=1 

OMI Man - 
• 

WOODWARD-CLYDE CONSULTANTS FIGURE NO.  A-18 



PROJECT NAME 

BORING LOG 

ORTHO CHEVRON 

SHEET 1 2 OF  

PROJECT NO.  S81-5  

DATE  
ICIM:01:351;0  RIG 

WATER ENTERSE1 519 ATD 
B-210 PROJECT LOCATION ST. LOUIS, MISSOURI 

LOGGED BY Peter Barrett DRILLED BY  G. Johanning  
SURFACE ELEVATION 5~9 ELEVATION DATUM USC & GS  

DEPTH SAMPLE 

0 TYPE REC RESIST 

- - 

- 
— C 13 P 

18 

DESCRIPTION 

Loose ballast and Cinder FILL 

Stiff, black, organic, silty CLAY FILL 

U.S.C. SPECIAL NOTES AND 
FIELD OBSERVATIONS 

FILL Boring advanced 
with 6-inch diam-
eter hollow stem 
auger 
With odor 

4,11 

=MI 

.III 

ilimil MEM 

C 14 P 
TS 

I .11•MI ,II 

c 14 
- T$ ••• 

C 14 4-. ••••• mmil 

TS 
— Stiff, black, gray and brown, organic — CL- Stream deposit =MI 

10 Silty CLAY OL 

C 14 P 
.IIIV•11 

TS Stiff, brown, Silty CLAY, organically CL — ATD — — 
stained 

a= l••=. 

- - 

- - 

15 
C 13 P 

TS 

,I=IIMI 

— 

MIN ml 

— 

•••••I 

- 
•m•II 

,INIINNI 

.ININIM MEM - 
— ....I IMMI 

li ,IMM 

Firm, black, organic, Silty CLAY with _OL- .IIMII 

20 
vegetation CL - 

C 15 P 
TS 

OMEN — MOM onmf 

=.1 'MI/ ..1 owl 

dna I'm= ••••• ••••' 

- MEIN 

25 
WOODWARD-CLYDE CONSULTANTS FIGURE NO.12_. 



PROJECT NAME 

B-210 

SURFACE ELEVATION 

BORING LOG 
SHEET 2 OF  2 

ORTHO CHEVRON PROJECT NO. S81-5 

DATE 1/30/81  
ST. LOUIS, MISSOURI 

PROJECT LOCATION  RIG CME 750 

LOGGED BY Peter Barrett DRILLED BY  G. Johanning WATER ENTERS El 519 ATD 

529 ELEVATION DATUM USC & GS 

DEPTH  SAMPLE   DESCRIPTION 

SAME: Firm, gray, organic Silty CLAY 

 U.S.C. 

OL-
CL 

SPECIAL NOTES AND  

25 TYPE 

C 

REC . 
14 
TET 

RESIST 

P   

FIELD OBSERVATIONS 

 
-   -   ORIN 

- - — MEM 

Some odor 

- IN= 

- OM. — 

Very stiff, greenish-gray, Silty CLAY 
— with fine sand 

34_ 
C 14 P 

Tif - CL w/ 
SM 

— 

— 

r 

r MIEN 

- 
 

OM, 

35_ - — ONO 

 - 
- —  

Residual 
Stiff, reddish-brown, highly plastic CH 

r- CLAY with limestone fragments - 
4a_ 

Bottom of Boring 
MI= MEM 40 ft lomml 

— — •••1 =MI 

— •••• •• 

- , • 

45 

— - •••=1 

••••• Omani - 
IMO — MM. 

- =MN MOM 

WOODWARD-CLYDE CONSULTANTS FIGURE NO,  A-20 



PROJECT NAME 

B-211 

SURFACE ELEVATION 

DEPTH SAMPLE SPECIAL NOTES AND U.S.C. DESCRIPTION 
0 TYPE REC RESIST FIELD OBSERVATIONS 

C 10 P Stiff, gray, Silty CLAY with brown 
Tg — organics 

Stream deposit 

— 

- CL 

BORING LOG 
SHEET 1  OF  2 

ORTHO CHEVRON PROJECT NO. s 8 1 -5 
DATE  

PROJECT LOCATION 
ST. LOUIS, MISSOURI  

RIG CME 750  

LOGGED BY  Peter Barrett DRILLED BY  G. Johanning WATER ENTERsuag_____ 
528 ELEVATION DATUM USC & GS 

C 1 14 P 
Tg 

Loose, black, cinder FILL =ILL Boring advanced with 
6-inch diameter 
hollow stem auger 

- 
Stiff, gray-green Clay FILL with bricks 

ATD 

C 13 P 
and organics al= With odor aml 

Tg 
- lmeir 

C 6 P Becoming gray-black 

- We. 

5 

Tg 

— ON= OM. 

10 OMMIIMIN 

C 10 P 
Tg 

pm•• =MI 

r-

MINN IMMO 

MIN r-

1 5-
18 P 
Tg Becoming more brown with small black 

organics MEOW 

- - 

— -~ 

— 
20 

Very stiff, brown, highly plastic CLAY CH Residual 

C 18 P 
TB" — 

MM. dm. 

- — 
- _ IN 

25 
WOODWARD-CLYDE CONSULTANTS FIGURE NO.  A-21 



BORING LOG 
SHEET 2  OF  2  

PROJECT NAME ORTHO CHEVRON PROJECT NO. S81-5 
 

DATE 1/29/81 
CME 750  ST. LOUIS, MISSOURI RIG PROJECT LOCATION   

Peter Barrett 526 LOGGED BY WATER ENTERSE1 DRILLED BY  G. Johanning  

B-211 

 

SURFACE ELEVATION 523  ELEVATION DATUM USC & GS 

DEPTH SAMPLE DESCRIPTION 

SAME: Very stiff, gray-brown, highly 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

U.S.C. RESIST TYPE REC 25 

30 

18 
TB' 

C P CH 
- _ plastic CLAY with orange mottling — 

- - 

ONO 

- 
- - 

- 

S 3/6 30 SANDSTONE: Fine to medium grained, 
moderately cemented 

- - 

— 

,MN - 
• 

SS — 

- 
35—

OEN 

— 

— 

Bottom ot Boring 
30.5 ft 

• 

r r 

Ims• 

- 
•••• 

— 

•••• 

OMNI 

Mill IMM 

=MI 

••••Il 

— — 

— 
sm. 

- 
- 

- 

WOODWARD-CLTDE CONSULTANTS FIGURE NO  A-22 



PROJECT NAME 

B-212 

SURFACE ELEVATION 

BORING LOG 
SHEET 1 OF  1 

ORTHO CHEVRON PROJECT NM S81- 5 

ST. LOUIS, MISSOURI DATE 
2/24/81  

PROJECT LOCATION RIG CME 750  

LOGGED BY  Peter Barrett  DRILLED BY  G. Johanning WATER ENTERS  E1 494 ATD 

5t4  ELEVATION DATUM USC & GS 

DEPTH SAMPLE 
TYPE REC RESIST DESCRIPTION U.S.C. SPECIAL NOTES AND 

FIELD OBSERVATIONS 0 — - 
— piala 

Firm, black, silty Clay FILL with 
organics and rock fragments(Ramp to 
center of pond) 

Boring advanced 
with 6-inch diam-
eter hollow stem 
auger 

FILL 
MINN 

— ••=1 

 ••••••   Stream deposit 
With odor 

1 

eml 

 C 10 P Firm to stiff, dark gray, low plastic  CL  
— Tif 6- CLAY with organics —  •=0 

5 , I  
12 P ) 

- - — ONO 

C 4  11 P Without organics, medium plastic 
MI1ml MEI 

- - 
- _ 'MR 

10 i  Becoming low plastic 
12 P 

IMO 
TE IMO IMM 

    

WWI 

C 15 P 
TE Slight odor 

"••••1 

15 Firm to stiff, brown, low plastic CL Modified loess 

14 P Silty CLAY 

•MI - — 
,P•A OWN mml 

- - — MEIN 

- 
20   

Becoming medium to highly plastic. - CL-
CH ATD  

 

- 
Mml 

C 15 P 

18 _ Stiff to hard, tan-brown, highly plastic 
CLAY with trace silt and iron deposits - 

 

CH Residual 

Bottom of Boring 
21.5 ft OEN 

dll•M mmiN 

- - 

25 
WOODWARD-CLYDE CONSULTANTS FIGURE NO.  A-~3 



BORING LOG 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

Boring advanced 
with 6-inch diam-
eter hollow stem 
auger 

Stream deposit 

U.S.C. 

FILL 

CL 
•••I 

Organically stained 

WOODWARD-CLYDE CONSULTANTS FIGURE NO. A-24 

DEPTH SAMPLE 
TYPE REC RESIST 0 

C 2 P 
711f - WED 

- — 

C 3 P 
_ 173" 

Becoming dark gray-brown 

DESCRIPTION 

Stiff, brown, low to medium plastic 
silty Clay FILL 

C 3 P 

5  

Stiff, light gray, Silty CLAY 

•=l • 
24 hrs AD 

mml 

Modified loess 

Residual 

ATD 

MIN 

— 

OMR 

=MI 
CH 

=MI 

IMO 

••• 

— 
CH-
SH 

Very stiff brown, highly plastic 
Silty CLAY 

••• 

18 P=Ifo 

— 

r-

Stiff, brown, low to medium plastic 
Silty CLAY 10  

3 
- Tif 

- - 
- omis 

"NMI 

Very stiff, purple, highly plastic CLAY 
— — with shaley zones 

/MI 

• 

15 

20 

25 

C 8 P 

Om. 

SHEET 1  OF  2  

PROJECT NO.  S81-5  

DATE 1/26/81  

RIG CME 750  

WATER ENTERSEI  498 ATD  
El 505 24 hr AD 

PROJECT NAME ORTHO CHEVRON 

B-213 PROJECT LOCATION ST. LOUIS, MISSOURI 

LOGGED BY  Peter Barrett  DRILLED BY  G. Johanninq 
513 ELEVATION DATUM USC & GS SURFACE ELEVATION 



Bottom of Boring — 
26.11 

OM. 

OMNI 

mml 

mow 

— 

=MI 

BORING LOG 
SHEET 2 OF 2 

ORTHO CHEVRON PROJECT No. S81-

DATE 1/26/81  

PROJECT LOCATION ST. LOUIS, MISSOURI  RIG CME 750 

LOGGED BY Peter Barrett DRILLED BY  G. Johanning WATER ENTERSE 1 1498 ATD 

El 505 24 hrs AD 

PROJECT NAME 

B-213 

SURFACE ELEVATION 513  ELEVATION DATUM USC & GS  

DEPTH SAMPLE SPECIAL NOTES AND 
FIELD OBSERVATIONS 

U.S.C. DESCRIPTION 

SAME: Very stiff, highly plastic CLAY 

-  with shale fragments _ 

LIMESTONE: Weathered LS 

_ - 

RESIST TYPE REC 
25 

CH-
SH 

P 6 C 

41. 

Auger refusal 
-  

-  

3O

-  

- 

=IN 

— 

t•=I 

r"" — 

     

—     

IMP 
  

0.W  

NOW 
  

IMMO  

Ulm 

Mom , 

-  

- - 

IMMO 

41=N 

— 

emml 

OM' MED 

WOODWARD-CLYDE CONSULTANTS FIGURE NO  A-25 



U.S.C. 
0 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

DESCRIPTION DEPTH SAMPLE 
TYPE REC RESIST 

BORING LOG 
SHEET 1  OF  2 

PROJECT NAME 

B-214 

SURFACE ELEVATION 

ORTHO CHEVRON PROJECT NO. S81-5 

DATE 1/30/81  
ST. LOUIS, MISSOURI 

PROJECT LOCATION  RIG CME 750 

Peter Barrett  LOGGED BY  WATER ENTERS  E1 530 ATD DRILLED BY  G. Johanning  
534 ELEVATION DATUM USC & GS 

Loose, cinder FILL =ILL 
AMP 

Stiff, gray, clayey Silt FILL with cinders 
•MI 

Boring advanced 
with 6-inch diam-
eter hollow stem 
auger 
With odor 

•••I 

• I•• 

C 16 P 
Ttf - - — SIM 

Becoming brown and high plastic ATD 
12 P Stiff, gray, low plastic Silty CLAY with CL - organics 

C 13 
I  

IMMO 

 
— Pond deposit 

Modified loess 
•sof 

14 P 
TB-  

Stiff, brown, low plastic Silty CLAY 
 

••••I 

— p•MI• •••• 

10 
C 13 P 

18 
••• •••• 

- - am. 

•••II emmil 

ONE ••=1 ,Mi=1 

15  Becoming low to medium plastic 
C 15 P 

— Tif — •MMI 

— =MI 

EMI 

Becoming light gray and brown, medium 
20 plastic 

C 14 P 
-fg 

MIN 1.•• 

MEV 

•Mi 

— AM. 

— • aml — 

— 
Very stiff, brown and gray, medium to CL 

Im•• highly plastic CLAY with silt 1 

25 CH 
• 

WOODWARD-CLYDE CONSULTANTS FIGURE NO.  A-26 



.111 

  
• IM  

.., —  

  
MN  

Imm 
  -  
     

II. OM 

IMIN•••• •••II 

,..., IMI• 

I-- — 

IWO • 

MOO SIMI 

BORING LOG 
SHEET 2  OF  2 

ORTHO CHEVRON PROJECT Na S81-PROJECT NAME 
 

DATE 
ST. LOUIS, MISSOURI 

1/30/81  
RIG PROJECT LOCATION CME 750  

LOGGED BY Peter Barrett DRILLED BY  G. Johanning WATER ENTERS  El 530 ATD 
B-214 

 
SURFACE ELEVATION 534 ELEVATION DATUM USC & GS  

DEPTH SAMPLE DESCRIPTION 

SAME: Very stiff, brown and gray medium 
— to highly plastic CLAY with trace — 

silt 
— 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

Residual 

U.S.C. 
RESIST TYPE REC 

~5 c 14 
TIT 

CL 
I 
CH 

P 
- 

• 

limml 

•••• 

imll 

• mll 

— 

GEM 

'MIMI 

., M 

••=I 

- 

- 

3Q__ 

- 

MMII 

- 

- 

35 

- 
ME' 

•••• 

IMO 

4Q_ 

IIMI 

, 1 

IIII 

Bottom of Boring 
40 ft 

LIMESTONE 
— I 

LS 

••• dIMI 

- 

- 
45 

MHO .=• 

III 

•••••••• 

MEN 

.,1 

- 

MO 

- — 

••=1 

— 

- ••= 

WOODWARD-CLYDE CONSULTANTS FIGURE NO.  A-~7 



SPECIAL NOTES AND 
FIELD OBSERVATIONS 

Boring advanced 
with 6-inch diam-
eter hollow stem 
auger 

U.S.C. 

FILL 
•••' 

C 14 P 
Tb. 

with organics 

DEPTH SAMPLE 

0 
TYPE REC RESIST 

DESCRIPTION 

Firm to stiff, brown, silty Clay FILL 

P with black ferrous deposits 
MM. 

C 14 
GEM 16-

Seml 

— 

OM' 

•••• 

PROJECT NAME 

BORING LOG 
SHEET 1  OF  2  

ORTHO CHEVRON PROJECT Na S81-5 

DATE. 3/2/81  
ST. LOUIS, MISSOURI 

PROJECT LOCATION  • RIG CME 750 
LOGGED BY  Peter Barrett  DRILLED BY  G. Johanninq  

523  ELEVATION DATUM USC & GS 

WATER ENTERSIIILL512 -  
E1 516 24 hrs AD 

B-215 

SURFACE ELEVATION 

C 14 P 

- — 

5  
C 12 P 

— 
— Firm to stiff, brown, low to medium CL Modified loess 

C 14 P 

plastic Silty CLAY — V 
24 hrs AD 

— Tb — MEM 

— - 
10 ATD 

C 15  P 
T6 

Ime ••••I 

- Ilm•• OMIN 

imm 

ONO 

15  Becoming stiff, dark brown, medium plastig__ 

Stiff, dark brown, medium to highly CH 
20  plastic CLAY 

C 14 P Residual 
IMO TIT 

— - •••=1 

dm, — IMMO 

OEM — Becoming shaley, with fine sand - 
25 Becoming hard SM 

W00DWARD-CLYDE CONSULTANTS FIGURE NO. A-28 



PROJECT NAME  

BORING LOG 

ORTHO CHFVRON 

SHEET 2 OF  2  

PROJECT NG.  S81-5  

DATE 3/2/81 

RIG CME 750  
WATER ENTERS  El 513 ATD 

E1 516 24 hrs AD 

   

B-215 PROJECT LOCATION ST. LOUIS. MISSOURI 
Peter Barrett LOGGED BY  DRILLED BY  G. Johanning 

523 ELEVATION DATUM USC & GS SURFACE ELEVATION    

DEPTH SAMPLE 
TYPE REC 

7 
12 

4.0 

••• 

DESCRIPTION 

SAME: Hard, varicolored, Sandy SILT with 
trace highly plastic clay and 
shale fragments 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

U.S.C. 

ML 

RESIST 
P ~5 C - 4•01 

— 

MEND — 

I il, 

r 
LIMESTONE LS 

— _ 
r-  

     
11•1•11 

30_ 

••• 

••• 

a01 

••• 

Auger refusal 

Bottom of Boring 
31 ft 

35 - 

• 

- 

min 

•••• 

IMMO 

=MI 

WM= 

%MO 

=MI 

on. 

I••• 

,••= 

••1 

am. 

ONE WOM ••••1 

41•1•1 — — 

=Ng 

MON 

- 'EWE. 

I•M• 

- 

WOODWARD-CLYDE CONSULTANTS FIGURE NO.__LA__ 



DEPTH SAMPLE 

0 TYPE REC RESIST 

Firm to stiff, brown silty Clay FILL 
— — with organic fragments 

C 9 P 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

• 

Boring advanced 
with 6-inch diam-
eter hollow stem 
auger 

U.S.C. 

FILL 
IMO 

••• 

J 

UNE, 

DESCRIPTION 

20 CLAY with trace silt 
15 P 
Ttr 

Stiff to hard, tan-brown highly plastic CH 

BORING LOG 
SHEET 1 OF  2 

PROJECT NAME ORTHO CHEVRON PROJECT NO. S81 -5 
DATE 2/23/81 

ST. LOUIS, MISSOURI PROJECT LOCATION  RIG CME 750  

LOGGED BY  Peter Barrett  DRILLED BY  G. Johanning WATER ENTERS  E1  512  ATD 

B-216 

 
SURFACE ELEVATION 518 ELEVATION DATUM USC & GS 

TIT — - 

C 12 P 
— 

5 TIT 

C 11 P Firm to stiff, gray Silty CLAY CL 4-- ATD 

Tff Stream deposit •M• 

Slight odor 

C 13 P 
MEI 

10  With tan-brown 

C 14 P 
TS- I =SO 

C 14 P i 

— Firm to stiff, brown Silty CLAY with Modified loess ••IIM 

some gray 

WIM• 

15 

C 16 P 
TEC • ••• 

— Becoming low to medium plastic •MI 

- — 
awl SEM 

Residual 

— - — fl••• 

- - 

— MOM 

—
••=1 

25 
WOODWARD-CLYDE CONSULTANTS FIGURE No  A-30 



DEPTH SAMPLE U.S.C. 
RESIST REC ~5 TYPE 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

DESCRIPTION 

BORING LOG 
SHEET 2  OF  2  

PROJECT NAME ORTHO CHEVRON PROJECT NO. 581-5 

B-216 

SURFACE ELEVATION 

DATE 2/23/81  

PROJECT LOCATION ST. LOUIS, MISSOURI RIG CME 750 

Peter Barrett G. Johanning El 512 ATD LOGGED BY DRILLED BY WATER ENTERS 

518 ELEVATION DATUM USC & GS 

SAME: Stiff to hard, highly plastic CLAY CH 
•=1 — Becoming purple Auger refusal 

•••I 

lim•P LIMESTONE - LS Bottom of Boring _ 
26.5 ft 

• - ,L••= "MN 

30 - .••••1 

- 
- - - - 

- VOW 

- • MEM 

- =MEM' 

MIN MEN .111 

- I••••• ••••• 

MI6 - 

=le =MI 0mM. 

/NEI - - 
- =NMI 

- — 

,•••• =MI 

.,••••• 

- 
•1•1 IMO MEN 

- OMNI 

•••11 MIEN 

WOODWARD-CLYDE CONSULTANTS FIGURE NO,  A-31 



DEPTH SAMPLE SPECIAL NOTES AND DESCRIPTION U.S.C. 
0 TYPE REC RESIST FIELD OBSERVATIONS 

BORING LOG 
SHEET 1  OF  2  

PROJECT NAME 

B-217 

SURFACE ELEVATION 

ORTHO CHEVRON PROJECT Na s81-5 

DATE 
2XE11150  PROJECT LOCATION ST. LOUIS,  MISSOURI RIG 

LOGGED BY  Peter Barrett DRILLED BY  G. Johanninq WATER ENTERS  El 501 ATD 

516 ELEVATION DATUM USC & GS 

Loose, black and dark red-brown Cinder FILL Boring advanced 
- _ FILL with 6-inch diam-

eter hollow stem 

C 10 P 
MEM auger AM. 

gmo' 
Strong odor 

 c 7 P  
Stiff, gray, low plastic Silty CLAY 
with organics 

- CL Stream deposit 

5 -     

MOW 

C 11 P 
IT — Becoming green-gray 

MEM IN= 

Stiff, brown, low plastic Silty CLAY Modified loess - MEM 

10 
C 13 P With some organics 

— - ••••I 

— MOM •••••I 

  
15 

C 11 P _ 

ATD 

 
18 

iMe IMMO 4M• ••••I 

OMM • 

— MEM 

20 
— 

C 10 P 
Hard, tan-brown, highly plastic CLAY CH Residual 

— with iron deposits 

MM. mml 

MmAl — 

- mml mml 

25 
Becoming purple 

WOODWARD-CLYDE CONSULTANTS FIGURE NO.  A-32 



DEPTH SAMPLE U.S.C. 
RESIST REC 

25 
TYPE 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

DESCRIPTION 

-- N  SAME: Hard, purple-brown, highly plagtir 
Bottom of Boring _ dIM 

CH 

- CLAY 7 

BORING LOG 
SHEET 2  OF  2  

PROJECT NAME 

B-217 

SURFACE ELEVATION 

ORTHO CHEVRON PROJECT NO.S81-5 

DATE 2/9/81  
ST. LOUIS, MISSOURI 

PROJECT LOCATION  RIG CME 750 

LOGGED BY  Peter Barrett DRILLED BY  G. Johannind WATER ENTERS  E1 501 ATD 

5i6 ELEVATION DATUM USC & GS 

LIMESTONE LS 25.5 ft 
- - - OMR 

•ml =MI 

- - 
30_ 

- Om. 

- - - 

- WM& - OM, 

-  

- Ilmomm• 

•••• 

- - 
I=NO •=0 

• 

- MEM 

•••••=1••• ••••=l= MMINNIMI 

MI= 

=MI 

WINO - 

- - 

- 41•••' 

- 0.•1 

- - MEIN - 
- - 

WOODWARD-CLYDE CONSULTANTS FIGURE NO  A-33 



PROJECT NAME 

B-218 

SURFACE ELEVATION 

BORING LOG 
SHEET 1 OF  1 

ORTHO CHEVRON PROJECT NO.  S81-5 

DATE 2/23/81  

PROJECT LOCATION  ST. LOUIS, MISSOURI RIG CME 750  
Peter Barrett B. Johanning  LOGGED BY DRILLED BY WATER ENTERSEL 512 ATD  

519 ELEVATION DATUM USC & GS 

DEPTH 

0 
SAMPLE 

TYPE REC RESIST 
DESCRIPTION U.S.C. SPECIAL NOTES AND 

FIELD OBSERVATIONS 

Firm to stiff, brown silty Clay FILL FILL 
_ with organics ano rock fragments  

Boring advanced 
with 6-inch diam- — 
eter hollow stem 
auger — 
Some auger 

MMI 

C 10 P 
18 

76-7077; gray, medium p astic CL Stream deposit 
5 Silty CLAY with organics 

C 12 P 
Tg — Firm to stiff, brown, low plastic Silty _ 

CLAY - — o-_ ATD ••• 

Modified loess 

C 14 P 
- 18 IMO .11M' 

10__ 

.1MM 

Mal MINO mml 

15 
C 15 P ' 

Becoming low to medium plastic - 
MIN 

— MIN 

— Stiff to hard, light tan-brown and gray _ CH Residual 
highly plastic CLAY with trace silt 

20_ 
C 13 P Bottom of Boring 

— 20 ft 

MI= 

— MMi — .0M 

25 

WOODWARD-CLYDE CONSULTANTS FIGURE NO  A-34 



PROJECT NAME 

B-219 

SURFACE ELEVATION 

BORING LOG • 

SHEET 1 OF  2 

ORTHO CHEVRON PROJECT NO. 581-5 

DATE 
ST. LOUIS, MISSOURI CME 750  

1/21/81  

PROJECT LOCATION  RIG 

LOGGED BY  Peter Barrett DRILLED BY G. Johanning  
527 

WATER ENTERSE1  512 ATD  

ELEVATION DATUM USC & GS Hole caved 24 hrs AD 

DEPTH SAMPLE 

0 TYPE REC RESIST 

•••• — 

C 10 P 

DESCRIPTION 

Ballast and loose Gravel FILL 
- 

Stiff, brown, low plastic silty Clay FILL — 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

Boring advanced 
with 6-inch diam- — 
eter hollow stem 
auger _ 

U.S.C. 

FILL 

— 

OWN 

C 8 P 
5 IF 

C 14 P 

sml 

Stiff, brown, low to medium plastic CL Modified loess 
— Silty CLAY 

10 
C 114 P 

OWN 713- •••• 

- H OEM •••• 

IMME 

MEW "MEI 

15 ATD 
C 16 P 

SMI 18 WM. 

=WWI 

• 4111 

- 

20 , 
C 12 P 

TF - WEND .rma 

••••Il 

— — Becoming more plastic — ••••1 

25 
WODOWARD-CLYDE CONSULTANTS FIGURE NO.  A-35 



BORING LOG 
SHEET 2  OF  2  

PROJECT NO.  S81-5  

DATE 1/27/81  

RIG CME 750  

WATER ENTERS  E1 512 ATD 
Hole caved 24 hrs AD 

ORTHO CHEVRON PROJECT NAME 

B-219 ST. LOUIS, MISSOURI 
PROJECT LOCATION 

DRILLED BY  G. Johanning LOGGED BY Peter Barrett 

SURFACE ELEVATION 527 ELEVATION DATUM USC & GS 

SPECIAL NOTES AND SAMPLE DEPTH U.S.C. DESCRIPTION 
FIELD OBSERVATIONS TYPE REC RESIST 

25 ••• 

SAME: Stiff, brown, medium plastic CL 12 0 P 
TS Silty CLAY -  

-  =PI 

MIN - 
Residual Stiff, gray, brown and purple, highly 

plastic CLAY with chert fragments and 
trace silt 

CH 
RIM MEM 

30 
C 7 P 

T$ -  

Bottom of Boring 
31.5 ft MIN 

••••N - 

35 

IMMO - - 
Vaal 

lomm 4•M 

••• 

Imm r1=0 

•M• 

- 
•••••••• - 

=MN /BO 

,•=• - 
• 

imm ••=1 

WOODWARD-CLYDE CONSULTANTS FIGURE NO...21:31._ 



OWC-1 

.11= 

• 

MOM, 

"M. 

• MI 

MON 

- 
A m I 

25 
. . 

BORING LOG 

PROJECT NAME 

ST. LOUIS, MISSOURI 
PROJECT LOCATION  RIG CME 750 

Barrett G. Johanning LOGGED BY  Peter DRILLED BY 

SURFACE ELEVATION 541 ELEVATION DATUM USC & GS 

ORTHO CHEVRON 

SHEET OF_ 

PROJECT NO. S81-5 

DATE 2/18/81 

WATER ENTERS  None 

detected ATD 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

DEPTH SAMPLE U.S.C. DESCRIPTION 
RESIST TYPE REC 

0 

5 

CL Boring advanced 
with 6-inch diam- — 
eter hollow stem 
auger, lower 5-feet—
8-inch diameter 

Firm to stiff, brown, low plastic, Silty 
- CLAY 

— 

- 
— 

— 

— 

I I I 

- 
MIM 

- - 

Modified loess 

ORM 

- 
.10 

- 
,.01 • 

 — 

  

- 

••• 

,mI•1 

— 

••=11 

10 

- Becoming medium plastic 

15 

20 

Hard, tan-brown, highly plastic CLAY with 
trace of silt 

• 

CH Residual 

••• 

- 
WI= 

• OEM 

— 

••• 

- - 
— 

Rin•• , 

WOODWARD-CLYDE CONSULTANTS 

Bottom of Boring 
23 ft 

FIGURE NO.  A-37 

Becoming multi-colored with shaley 
sections 

••••I 



BORING LOG 
SHEET 1 OF  2 

PROJECT NAME ORTHO CHEVRON PROJECT NO. S81-5 
 

DATE 2/17/81 

PROJECT LOCATION  
ST. LOUIS, MISSOURI RIG CME 750 

Peter Barrett_ G. Johanning None 
LOGGED BY DRILLED BY WATER ENTERS  

OWC-2 

 

SURFACE ELEVATION 541 ELEVATION DATUM USC & GS detected ATD 

DEPTH  SAMPLE   DESCRIPTION  U.S.C. SPECIAL NOTES AND 
 

TYPE REC RESIST 
  FIELD OBSERVATIONS 

o    

    Firm to stiff, brown, low plastic  CL Boring advanced 
with 6-inch diam- — 
eter hollow stem 
auger Lower 5 ft - 
8-inch diameter 
Modified loess -• 

-  

   AIM 

Silty CLAY 

 
 c 15 P    

•=l     glow  

- RIO 

5 
c 15 P 

11. lomm OEM 

^ — 

- min 

10 With iron staining 
C 14 P 

TS 
pm, .MI•1 

MIN 4=0 

Imm Becoming medium plastic OIMM 

15 
c '15 ' P 

=MINN= 

4IMMI TS 
 Hard, tan-brown, highly plastic CLAY CH a 

Residual  
 with trace silt -  

L og MIMI 

mMIP 0=1 

20_ 
C 15 P With blue-gray color also 

•••• 

_ - 

Hard, multi-colored, highly plastic CH 
_ CLAY with shaley sections w/ 

25 SH 

WOODWARD-CLYDE CONSULTANTS FIGURE NO. A-38 



OWC-2 

SURFACE ELEVATION 

BORING LOG 
SHEET 2  OF  3     

ORTHO CHEVRON PROJECT NO. S81-5 

ST. LOUIS, MISSOURI 
PROJECT LOCATION  RIG CME-750 

LOGGED By Peter Barrett DRILLED BY  G. Johanning WATER ENTERS  None 
541 ELEVATION DATUM USC & GS detected ATD 

PROJECT NAME 

DATE 2/17/81 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

SAMPLE DEPTH U.S.C. DESCRIPTION 

SAME: Hard, multi-colored, highly 

- plastic CLAY with shaley sections _ 

TYPE RESIST REC 25 

30 

35 

13 
TEC 

P CH-
SH 

C 
=IN 

NEM 

NEM IMO 

~ - 

- 

-  

- 

-  

C P 7 
17 

IMO 

- - 
-  

- C 6/6 P Becoming predominantly gray, with fine 
sand 

0•1••• 

IMMIN OM. 

- - - 

- 
— 

40 

MIN 

•••• MIND 

Imo 

- 
ONO 

MIR 

MI =il• Manilla= 

LIMESTONE: Gray, poorly cemented 

•IIIMI 

45 

- 
•M' 

MIN 

50 

-4 
LS 

— am. 

- SHALE: Gray 

WM. — 

SH 

WOODWARD-CLYDE CONSULTANTS FIGURE NO. A-39 



SAMPLE U.S.C. 
RESIST TYPE : REC 

SH 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

DEPTH 

50 
DESCRIPTION 

SAME: SHALE: gray 

PROJECT NAME 

BORING LOG 

ORTHO CHEVRON 
 

SHEET 3 OF  3  
PROJECT NO.  S81-5  

DATE 2/17/81  

RIG CME-750  
WATER ENTERSNone  
detected ATD 

OWC-2 
PROJECT LocATION ST. LOUIS, MISSOURI 

LOGGED BY  Peter Barrett DRILLED BY  G. Johanning  
 
SURFACE ELEVATION 541 ELEVATION DATUM USC & GS  

•=1 — =MI 

- - •••1 

"Mt 41 

- — Becoming purple and calcareous il•••1 MEI 

55- .••••• 

- WM. ••• 

ION 

- 

Mml 

6o Auger refusal 61.5--

MIS =MI 

CHERT with some pyrite and some small 
---\\ 1/8 inch diameter solution holes  

LIMESTONE: Light gray, unweathered, 
— massive bedded 

I• — 

•••• 

1-• =MN 

.0•1 

Boring continued —  
with NX Core Barrel 
with diamond bit 
and water 

Run 1 t•IM 

Start: 61.5 
Stop: 61.8 
Rec: 100% 
DWR: 100% 
Run 2 
Start: 61.8 
Stop: 66.5 
Rec: 100% 
DWR: 100% 

-  

CORE 4/4 ' 4/4 
,••=l 

RUN 
1 

Owe 

CORE 56 56 
— RUN 

65 2 

— 
I_ 

COREE 36 36 
RUN T6-

- 3 

- 
LS 

- WIN 

Run 3 
70 

•••=1MIO 'Start: 66.5 
Stop: 69.5 

— - Rec: 100% OMR 

DWR: 100% 

Bottom of Boring — 
69.5 ft 

OMB ORM 

am. Wool 

75 

WOODWARD-CLYDE CONSULTANTS FIGURE NO  A-40 



BORING LOG 

PROJECT NAME 

SHEET 1 

ORTHO CHEVRON PROJECT NO.  S81-5  

DATE 2/16/81  
ST. LOUIS, MISSOURI 

PROJECT LOCATION  RIG CME- 750  

LOGGED BY  Peter Barrett  DRILLED BY  G. Johanning WATER ENTERS El 527 ATD 

OWC-3 

 
SURFACE ELEVATION 5~9 ELEVATION DATUM USC & GS 

DESCRIPTION 

Firm to stiff, brown silty Clay FILL 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

Boring advanced 
with 6-inch diam- — 
eter hollow stem 

4-------ATD — 
auger, Lower 5 ft 
8-inch diameter — 

DEPTH SAMPLE 

o 
TYPE REC RESIST 

- - 

C 13 P 

- - 

U.S.C. 

FILL 

- -~ 
Stiff, brown, low to medium plastic 

5  Silty CLAY with organics C 14 P  
CL Modified loess 

 
_ TSS _ 

C 15 P   
'NM 

18 
Pm. OMER 

=M. 1.•• 

10 4 
16 P 
TIT -  

GEM 

=MI MEM - MEMO 

OMNI 

15  Becoming medium to low plastic .1•1 

C 14 P 
MIN - 

I=••, • 

••••I ••••• 'OMEN ••••I 

- 
Hard, brown, highly plastic CLAY with CH Residual 

20 , trace silt 
16 P 
TIT 

WIMP 

— Becoming light gray 

25 

WOODWARD-CLYDE CONSULTANTS FIGURE NO  A-41 



WNW 

il•mf 

01. 

=MI 

•INN 

~5 TYPE 

30 

-  

-  

- 

- 

-  

- 

- 

-  

35-

DEPTH SAMPLE 
REC RESIST 

4•IIII 

IMO 

••=1 

40 

INN 

MIN 

-  

NNW 

Walie — 

DESCRIPTION 

SAME: Hard, gray, highly plastic CLAY 
- 

-  

_ Stiff, purple, highly plastic CLAY 

-  

— 

-  

MM. 

Bottom of Boring 
35 ft _ 

Auger refusal 35' 

MIM 

OMNI 

4•1 

- 
SPECIAL NOTES AND 

FIELD OBSERVATIONS 
U.S.C. 

CH 

- - 

— 

IME 

MN' 

••••' 

— 

— 

=•• 

BORING LOG 
SHEET 2  OF  2 

PROJECT NAME ORTHO CHEVRON PROJECT NO. S81-5 

DATE 2/16/81 
ST. LOUIS, MISSOURI CME-750  PROJECT LOCATION  RIG 

LOGGED BY Peter Barrett DRILLED BY  G. Johanning WATER ENTERS  El 527 ATD 

OWC-3 

 

SURFACE ELEVATION 529 ELEVATION DATUM USC & GS 

WOODWARD-CLYDE CONSULTANTS FIGURE NO, A-42 



Stiff, brown, low to medium plastic CL 
Silty CLAY 

5_ 
C 14 P 

TIT - Modified loess 

BORING LOG 
SHEET 1  OF  2 

PROJECT NAME ORTHO CHEVRON PROJECT NO. S81-5  
 

DATE 2/16/81  

PROJECT LOCATION ST. LOUIS, MISSOURI RIG CME-750  

LOGGED BY  Peter Barrett DRILLED BY G. Johanning WATER ENTERSEI  509 ATD  

519 ELEVATION DATUM USC & GS 

OWC-4 

SURFACE ELEVATION 

DEPTH  SAMPLE  DESCRIPTION U.S.C. SPECIAL NOTES AND 

0 TYPE REC RESIST FIELD OBSERVATIONS 

Firm to stiff, brown, silty Clay FILL FILL - ONO 

- 
Boring advanced 
with 6-inch diam- .• I 

eter hollow stem 
auger, Lower 5 ft 
8-inch diameter 

- 

C 12 P 

- 

- OMNI 

- MEI 

— — ••••• 

- •••••I 

10 
C 14 P Becoming more silty 

- 4_ ATD 

TiT 
Imam IMO 

1•Imie ••••IN - 
— — 

r-
15 

C 14 P 
, 

Becoming medium plastic 
- 

- - 

r 

- MI=M 

=NW 

- • ••••• 

20 Hard, tan-brown, highly plastic CLAY CH Residual 
C 12 P with black iron deposits 

25 

— 

— 

IMMO 

I 0 m i 

- 
— 

— 

— 

••••1 

— 

- 
WOODWARD-CLYDE CONSULTANTS FIGURE NO  A-43 



- 

- 

- 

30 — 

- 

- 

-  
•••• 

- 

GOO 

• EN 

BORING LOG 
SHEET 2 OF  2 

ORTHO CHEVRON PROJECT NO. S81-5 PROJECT NAME 

DATE 2/16/81  

PROJECT LOCATION 
ST. LOUIS, MISSOURI RIG CME-750  

LOGGED BY Peter Barrett DRILLED BY  G. Johann i nq WATER ENTERS  El 509 ATD 
519 ELEVATION DATUM USC & GS 

OWC-14 

SURFACE ELEVATION 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

SAMPLE DEPTH U.S.C. DESCRIPTION 
RESIST TYPE REC 

25 
SAME: Hard, highly plastic CLAY, 

- becoming brown and purple 

WM, 

CH 
"MI 

- 

MM. 

- 

an. 

•=1•1 

— 

- 

'MO 

Bottom of Boring 

Auger refusa 1 

. 10 eml• 

IMM WINN 

•••• 

MONO IBM 

••• 

- 1•••= 

-  

- 
NI= 

- 

- 

.10 

WOODWARD-CLYDE CONSULTANTS FIGURE NO  A-44 



OWC-5 
I 

PROJECT NAME 

SURFACE ELEVATION 

DESCRIPTION 
0 

DEPTH SAMPLE 
TYPE REC RESIST 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

U.S.C. 

BORING LOG 
SHEET 1 OF  2  

ORTHO CHEVRON PROJECT NO. S81-5 

DATE 2/5/81  

PROJECT LOCATION  
ST. LOUIS, MISSOURI RIG CME-750  

Peter Barrett G. Johanning  LOGGED BY DRILLED BY WATER ENTERS  El 500 ATD 

515 ELEVATION DATUM USC & GS 

Stiff, brown, silty Clay FILL FILL Boring advanced 
11•111 MEM with 6-inch diam- — 

eter, Lower 5 ft 

C 10 P 
— 8-inch diameter — 

Stiff, gray, low plastic Silty CLAY CL Stream deposit 
— - 

5  
C 15 P 

— ION 

C 15 P 
Becoming hard . _ 

lir - •••• 

Stiff, brown and gray, medium plastic, Modified Loess 
10 . Silty CLAY 

C 114 P 
-fir 

MEI =MI 

- 
C 14 P 

— 

Min — 

15 4---ATD 
14 P 

- — 

Becoming light brown and gray, stiff, 
— 

more silty 

15 P 
— -111 MEM 

20 

NNW diEW 

— Mal 

Hard, yellow-tan, highly plastic CLAY CH 
am•I 

C 15 P 
- omi•I 

25 with purple shale fragments Residual 

WOODWARD-CLYDE CONSULTANTS FIGURE NO  A-45 



OWC-5 

ORTHO CHEVRON PROJECT NO. S81- 5 

DATE 2/5/81  
PROJECT LOCATION RIG ST. LOUIS, MISSOURI CME-750  

LOGGED BY  Peter Barrett DRILLED BY  G. Johannina WATER ENTERS  E1 500 ATD 

515 ELEVATION DATUM USC & GS 

PROJECT NAME 

SURFACE ELEVATION 

-  

- - 

- 

  
IMO  

BORING LOG 
SHEET 2 OF  2 

DEPTH 
TYPE 
C 

SAMPLE 
RESIST 

P 

DESCRIPTION 

SAME: Hard, yellow-brown, highly plastic 
CLAY with large purple shale 
fragments 

U.S.C. 

CH 

SPECIAL NOTES AND 
FIELD OBSERVATIONS REC  

25 

-  

Bottom of Boring 
26.5 ft 

13 
711" -  

- 

- 
30-

-  

- 

- 

••••1 

- 

=NI 

- 

OEM' 

••••01 

•••• 

OMNI 

PIM 

~.- 

Immo 

MEM 

-  

10 

MON 

=INN 

IMO 

41. 

Man 

••• 

"=•Il 

••=••••• 

 - 
   

0.1.11 

- 

— 

WINO 

MEM 

OM' 

WOODWARD-CLYDE CONSULTANTS FIGURE NO.  A-46 



OWC-6 

SURFACE ELEVATION 

DEPTH SAMPLE 

0 
TYPE REC RESIST 

DESCRIPTION 

Firm to stiff, brown, silty Clay FILL with 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

• 

Boring advanced with 

U.S.C. 

FILL 

20  
12 P 
18 

Stiff, brown, highly plastic CLAY with CH Residual 

— GIME. 
silt 

BORING LOG 
SHEET 1 OF  2 

PROJECT NAME ORTHO CHEVRON PROJECT NO. S81- 5 

DATE 2/2/81 

PROJECT LOCATION  
ST. LOUIS, MISSOURI RIG CME-750  

 TirT
u
flirm

r
E1
,0
514  ATD ann ng G. Joh i DRILLED BY • Peter Barrett LOGGED BY 

523 ELEVATION DATUM USC & GS 

 C 11 P  
gravel 6-inch diameter 

hollow stem auger, 
Lower 5-feet 
8-inch diameter 

- 
 

-  

SMIS' - 

- 

5 

8 P 
Tff 

Without gravel 

  

- 
C 14 P Firm to stiff, brown, medium plastic, 

— Silty CLAY with filled root holes and 
voids 

- 

-  

CL 

• 

hrs AD 
Modified loess 

- - 

10 
C ' 16 P 

Fon 
4-ATD MIN 

18 

4IN•I NEM 

MIS • 

• 

15 
C 14 P 

111 
NEM 

SIM SM. MIN 

— 

Min 'MN 

SIM 

IMO MIN 

25 Becoming hard 

WOODWARD-CLYDE CONSULTANTS FIGURE NO.  A-47 



BORING LOG 
SHEET 2 OF  2 

ORTHO CHEVRON PROJECT NO. S81 -5 
DATE 2/2/81  

ST. LOUIS, MISSOURI 
PROJECT LOCATION  RIG CME-750 

LOGGED BY  Peter Barrett  DRILLED BY  G. Johanning WATER ENTERS  El 514 ATD 
523 El 516 24 hr AD 

ELEVATION DATUM USC & GS 

PROJECT NAME 

SURFACE ELEVATION 

pE PTH, 
TYPE 

25 
C 

-  

- 

MEN 

- 

MEM 

•  

- 

••• 

mi• 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

Bottom of Boring 

SAMPLE 

26.5 ft - 

MM. 

— 

- - 

=MI 

Mml 

••• 

INIIIR 

~- - 

30-
gm• 

.m0 

,••••1 

gm. 

— 

so. 

4 

WOODWARD-CLYDE CONSULTANTS FIGURE NO.  A-  48 

U.S.C. 

CH 

=MI 

aM• 

GAM 

=NM 

•••• 

•••• 

- 

amml 

•••••• 

4MM 

- 
61•••1 

mml 

OEM g•ma 

- 
- 

- 
— 

— 

RESIST 
P 

REC 

12 

DESCRIPTION 

SAME: Hard, varicolored, highly 

_ plastic CLAY with shale and fine 
sand 

OWC-6 
0 



10 

- 
••=l 

,II 

,ImMI 

15 

- 
- 

BORING LOG 
SHEET 1  OF  1 

ORTHO CHEVRON PROJECT NO. S81-5 PROJECT NAME 
 

DATE 2/18/81 

PROJECT LOCATION  
ST. LOUIS, MISSOURI RIG CME-750  

LOGGED BY  W. Prosser DRILLED BY  G. Johanning WATER ENTERS El 516 ATD  

OWC-7 

 
SURFACE ELEVATION 

523 
ELEVATION DATUM USC & GS          

DEPTH SAMPLE SPECIAL NOTES AND 
FIELD OBSERVATIONS 

U.S.C. DESCRIPTION 
TYPE RESIST REC -c) 

5 

"-~  inches asphalt„/ 

— Loose, black, cinder and Gravel FILL 

- •=•i• 

- 
Firm to stiff, gray, low plastic, 

— Silty CLAY 

.II 

••••••• 

Ilik ., 

Boring advanced 
with 6-inch diam- — 
eter hollow stem 
auger, Lower 5 ft - 
8-inch diameter 

Strong odor 
4_ ATD 

Stream deposit 

Modified loess 

F 
I 
L 
L 

- 

- 
- 

- 

-  

Stiff, brown, low plastic silty Clay - FILL =MN 

— 

II=INI 

OIMII 

Malin 

'M. 

III 

, i•il 

,II 

..1 

CL 
ill 

- 

Stiff, brown, low plastic Silty CLAY 

~--

CL 

CL-
CH 

I-. 

WAD 

ail 

- 
"WM 

,.... 

,... 

Becoming hard and medium to highly 
plastic 

10 IMII 

- IIIM 

INIIIM Oll.1 

MI= mm1 

l••••• MIMI 

Residual 

Bottom of Boring 
17 ft 

IWO 

IMI 

20--

- 

IMO 

OEM 

W. 

., 1 

IMMI 

=MI 

••••I 

- 
— 

— 

- 
25 

WOODWARD-CLYDE CONSULTANTS FIGURE NO  A-49 



DEPTH SAMPLE U.S.C. 
RESIST TYPE REC 0 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

DESCRIPTION 

BORING LOG 
SHEET 1 OF  2 

PROJECT NAME ORTHO CHEVRON PROJECT NO. S81-

DATE 2/19/81  

PROJECT LOCATION  
ST. LOUIS, MISSOURI RIG CME-750  

LOGGED BY Peter Barrett El 516  ATD WATER DRILLED BY  G. Johanning  

owc-8 

 
SURFACE ELEVATION 523 

ELEVATION DATUM USC & GS 

F 
I 
L 
L 

Loose, black, cinder and Gravel FILL - ••• 

Stiff, brown, silty Clay FILL - 
P=M =MN 

Boring advanced 
with 6-inch diam- — 
eter hollow stem 
auger, Lower 5 ft - 
8-inch diameter 

=MI 

Strong odor 

- 

C 13 P 
TB-- 

- 
5 c 16 P 

- 
- Tif 

4•••• 
Firm to stiff, gray, Silty CLAY 

••• 
CL 

••• 

ATD — 4•Mil 

C 16 P 

41•14 
T8- Stream deposit 4•4=1 

Firm to stiff, brown Silty CLAY Modified loess — 
10 - 

C 16 P Becoming stiff 
TS" 

411 — 
— 

IMMO — - amml 

NOM 

15 - 4MIIMM 

C 16 P Becoming tan to brown, medium plastic 

Mal TEr ••• 

— NilII= 

- MEM 

- 
Becoming hard 

20 
C 16 P Becoming medium to highly plastic 

T13-— 
— • 

 4=4 
Stiff, tan to brown, highly plastic CLAY — — CH  4•Iml 

25 

 

with trace silt 

WOODWARD-CLYDE CONSULTANTS 
 

Residual 

FIGURE Na  A-50 
 

411 

- CL-
CH 



 BORING LOG   

 SHEET 2  OF  2  

PROJECT NAME ORTHO CHEVRON PROJECT NO. S81 -5 

owc-8 

SURFACE ELEVATION  

DATE 
2CM1E9-17:10  

ST. LOUIS, MISSOURI 
PROJECT LOCATION  RIG 
LOGGED BY  Peter Barrett  DRILLED BY  G. Johanning WATER ENTERS  El 516 ATD 

523 ELEVATION DATUM USC & GS 

SAMPLE DEPTH SPECIAL NOTES AND 
FIELD OBSERVATIONS 

DESCRIPTION 
...M,  

SAME: Stiff, tan-brown, highly plastic 
— CLAY with trace silt 

U.S.C. 

CH 
- 

TYPE 
C 

RESIST 
P 

REC 
16 
TIT 

25 

- 
•  - 

MIMI 

•••• 

Bottom of Boring — 
27.5 ft 

- - 

    ,I•M  

- 

Ilb   -  
   • -  

   1""' 

,MM 

 

   

  
li•••• -  

   

-   
••••  

mml 

- 

•••• 

- 

- 

- 

•••••••=I 

., 1 

NEM 

30 -

- 

MN 

- 

•••••l 

MIN 

- 

- 

Im•• , II 

.1.1 

II•l• 

- 

Yin• 

- 
- 

=MI 

liml 

..1 

•Iml 

••• 

••=.1 

- 
- 
— — 

• 

- 
di 

.m41 

- 

- 

.111 

amml 

Oml 

- 

- 
•••• 

WOODWARD-CLYDE CONSULTANTS FIGURE NO,  A-51 



PROJECT NAME 

OWC-9 

SURFACE ELEVATION 

Stiff, gray silty Clay FILL with organics FILL 
— V 24 hrs AD 

Boring advanced with 
6-inch diameter - 
hollow stem auger, 

0 

C 9 P 

_ — 

BORING LOG 
SHEET 1  OF  2 

ORTHO CHEVRON  PROJECT NO. S81- 5 

ST. LOUIS, MISSOURI 
DATE 1/28/81 

PROJECT LOCATION  RIG CME-750  

LOGGED BY Peter Barrett DRILLED BY  G. Johanninq WATER ENTERS  E1 529 ATD 
532 ELEVATION DATUM USC & GS El 531 24 hrs AD  

DEPTH SAMPLE 
TYPE REC RESIST 

DESCRIPTION U.S.C. SPECIAL NOTES AND 
FIELD OBSERVATIONS 

C 10 P 
i$ - _ 

Stiff, gray, low plastic Silty CLAY 
with organics 

•I••I 

CL 
ikower  5Wat 

t
6r 
8
dete
-inch — 

cted 
ATD 

Stream deposit — 

5  
C 11 P Stiff, brown, low to medium plastic Modified loess 

— Silty CLAY •••N 

- RM. 

- ••= 

10 
M••=••• 

C 16 P 
TET _ - MOM 

imma MEE, 

•••• ••••I 

Very stiff, red-brown, highly plastic CLAY CH Residual 
• =ME ••••• 

15 .•=••1 

C 12 P - 
- em• - 
- MEE =EN 

AIN ••=I *mml 

20 
1 

11 P Becoming brown, with black ferrous 
7 - deposits 

••••I •••11 

••• - 41=.1 awl 

- 
25 

WOODWARD-CLYDE CONSULTANTS FIGURE NO  A-52 



BORING LOG 
SHEET 2  OF  2  

ORTHO CHEVRON PROJECT NO. S81-5 PROJECT NAME 
ST. LOUIS, MISSOURI DATE 1/28/81  

PROJECT LOCATION  RIG CME-750  
LOGGED BY  Peter Barrett DRILLED BY  G. Johanning WATER ENTERS  El 529 ATD 

532  ELEVATION DATUM USC & GS E1 531 24 hrs AD 

OWC-9 

SURFACE ELEVATION 

SAMPLE SPECIAL NOTES AND DEPTH DESCRIPTION U.S.C. 
RESIST TYPE FIELD OBSERVATIONS REC _ 25 

P C 11 
Tg 

SAME: Very stiff, brown, highly plastic CH 
CLAY with black ferrous deposits _ 

- - 
- — — - 

Hard, gray-brown, CLAY with fine sand CH-
SH 

- 
and shale fragments 

30 
8 C P 

12 ImM• dm • 4=0 

— OEN 

— — 

=OM — 41001 

35 Becoming orange-brown, without fine sandr—P 6 C 
very shaley Tg — am/ 

'NM — 

— am. - 
•••=1 MI6 - 

40 — - 
Immo I 

•••I 

=MI SION .•=.1 

Auger refusal 

Bottom of Boring L I MESTONE LS 
45_ 44.0 ft ••••1 

- 
MO, - 

— - 
50 - 

WOODWARD-CLYDE CONSULTANTS FIGURE NO  A-53 



DESCRIPTION 
0 

U.S.C. SPECIAL NOTES AND 
FIELD OBSERVATIONS 

DEPTH SAMPLE 
TYPE REC RESIST 

BORING LOG 
SHEET l OF  2 

PROJECT NAME ORTHO CHEVRON PROJECT NO. S81- 5 

DATE 
1:E 8- 17:10  RIG 

WATER ENTE7SEI 
23 2 

523 );+
.,
T
r
 D
AD

 

OWC-10 PROJECT LOCATION ST. LOUIS, MISSOURI 

Peter Barrett G. Johanning LOGGED BY DRILLED BY 

SURFACE ELEVATION 528 ELEVATION DATUM USC & GS 

NM 

- 

WO 

C 10 P 
TEC 

C 

Loose,  gravel end asphalt  ELLL____ 
Stiff, brown, highly plastic clay FILL 

Stiff, brown, highly plastic Clay FILL 

Gravel and asphalt 

MO 

F 
I 
L 
L 

Boring advanced witF 
6-inch diameter — 
hollow stem auger, 
Lower 5 ft 8-inch — 

with odor 
.m.•I 

- ONINI 

5 
L 5 P 

Tg 
Stiff, brown-gray, plastic Clay FILL 
with brick and organics 

•=••••• 

4--ATD 
• 24 hr AD 

,o.   uml 

C 10 P 
TEC 

Stiff, gray, low plastic Silty CLAY 
 

CL Stream deposit 
 

.,I =MI MEM 

mal — 
C 11 P 

TEC - Organically stained 
.WIM 

10 
 C 11 P 

TEC 
 

Stiff, brown, low to medium plastic 
Silty CLAY 

MENEM/ 

 
,••••• 

 WM, Modified loess — 

(without odor) 
- lown. MI MI 

- al. MEN 

- Illi ,Ilm• 

15 IN IIMMI 

16 P 
TE I- — 

gl•IMI .... 

- - .M.MI — 

 
- 

 
— Becoming predominantly gray -  alml 

20 

 

C 11+ P 
TEC  

- •••••••• 

— - OM. 

— - mml — 

— =In mm' — 

- — ,II — 
25 
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BORING LOG 
SHEET 2  OF  2  

PROJECT NAME 

OWC-10 

SURFACE ELEVATION 

ORTHO CHEVRON PROJECT NO. S81-5 

DATE 1/28/81 
ST. LOUIS, MISSOURI PROJECT LOCATION  RIG CME-750  

LOGGED BY  Peter Barrett  DRILLED BY  G. Johanninq WATER ENTERS E1 523 ATD 

528  ELEVATION DATUM USC & GS E1 523 2 hrs AD 

DEPTH  SAMPLE  DESCRIPTION U.S.C. SPECIAL NOTES AND 
 TYPE REC RESIST FIELD OBSERVATIONS 

25 C 16 P SAME: Stiff, gray with brown, medium CL 
NMI TB" — plastic Silty CLAY — .Iimil 

- - - , II 

- - OW ._ 
stitf, brown and purple, medium plastic CL- Residual 

- I"'' Silty CLAY with shale fragments and - CH 
fine sand 30 

C 6/8 P 
MIN=II 

- I— OM 

MN aml 

- 
 -      - MEM  - 

35       
Firm, multi-colored, highly plastic 
CLAY with limestone and shale fragments--
and trace silt 

ilml• 

CH 
 

 C 
14 
18 

6      

 
- 

  
7 

3 
— 

 

- Ilia, LIMESTONE • amIlli LS' Bottom of Boring __ 
36.8 ft 

- MEM 

... I •••••I - 

4Q_ - ., • 

MOM WO. — - 

- I••• — - 

OmIll MIMI 

— ,OI ', III 

— 

— .... OmIll 

- — onel 

IMO =MP ., IMI ,ImIll 

.II - - 

W00DWARD-CLYDE CONSULTANTS FIGURE NO  A-55 



C 13 P Stiff, brown, Silty CLAY with organics 
— 

Modified Loess 
Less odor (only 
just detectable) 
V 24 hrs AD 10 

Tg 

— - MEM 

— IMMI ell 

MO IID 

15  

••••I 

C 14 P 
Tg IM. - 

- IN IN. 

IFINW 

liMI, ., .1 

mmil 

Iiimal 

MINN 

••••I 

— 

BORING LOG 
SHEET 1 OF  2 

PROJECT NAME ORTHO CHEVRON PROJECT NO.S81-5 

DATE 1/27/81  

PROJECT Locum  RIG ST. LOUIS, MISSOURI CME-750  

LOGGED BY  Peter Barrett  DRILLED BY  G. Johanning WATER ENTERS  503.5 ATV 
OWC-11 

 
SURFACE ELEVATION 524 ELEVATION DATUM USC & GS E1 514 24 hrs AD 

U.S.C. SPECIAL NOTES AND 
FIELD OBSERVATIONS 

DEPTH SAMPLE 
TYPE REC RESIST 

0 

C 6 P 
Tg 

C 5 P 
TIT - - 

DESCRIPTION 

Ahpha l L  
Stiff, brown, silty Clay Fill 

,M. 

••••• 

Becoming firm to stiff, with organic zone1, 

— 

with odor 
Boring advanced with-
6-inch diameter 
hollow stem auger, — 
Lower 5 ft, 8-inch 

WEN 

MIN 

I 
L 
L 

5 

C 4/6 P 
----C 14 P 

. Riihh lp acnhalt ., 1 

TS" Stiff, gray, Silty CLAY CL Stream deposit 
- MIIIII dImMI 

— MEI 

C 13 P 
Tg 

•••• I 411.01 ,==•1 

20 - 
13 P 
Tg 

1 

4-- ATD 
, I.. 

—, - I•MMI 

- - MIN .i.1 

mml ImIMI ,,• — 

— illm0 

25 
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  BORING LOG   

PROJECT NAME  

SHEET 2  OF  2 

ORTHO CHEVRON PROJECT NO. S81- 5 
  

DATE 1/27/81 

CME-750  ST. LOUIS, MISSOURI RIG PROJECT LOCATION   

LOGGED BY  Peter Barrett  DRILLED BY  G. Johanninq WATER ENTERS  503.5 ATD  
524 ELEVATION DATUM USC & GS El 514 24 hrs AD 

OWC-11 

SURFACE ELEVATION 

DEPTH SAMPLE DESCRIPTION 

SAME: Stiff, brown, low-medium plastic, 
Silty CLAY 

— Becoming more plastic 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

Residual 

U.S.C. 

CL 

CH 

~5  TYPE 

C 

- 

RESIST 

P 

REC 

12 

Stiff, brown, highly plastic CLAY with 
— rock fragments and trace silt 

- — 

NM. — 

"IMO 

30 

35 

C 10 
114 

Becoming gray and brown, very highly 
plastic, weathered sandstone stringer 

_ 
P 

- - 
MEM 

- — 

Auger refusal 

0 
T 

S 30/1" LIMESTONE LS Bottom of Boring 
35.0 ft — 

- 
— 

- 
- 
- 

— 

- 
— 

- 
MINIM 

OWN 

, ema 

— 

.1M 

- - 

— - 
— 

- 
— 

- 
mom' 
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BORING LOG 
SHEET 1  OF  2  

PROJECT NO.  S81-5  

DATE 2/20/81  

RIG CME-750 

WATER ENTERS  El 503.5 ATD 
E1 514 24 hrs AD 

ORTHO CHEVRON PROJECT NAME 

OWC-12 PROJECT LOCATION 
ST. LOUIS, MISSOURI 

W. Prosser LOGGED BY DRILLED BY G. Johann i ng 
524 ELEVATION DATUM USC & GS SURFACE ELEVATION 

SPECIAL NOTES AND DEPTH SAMPLE U.S.C. DESCRIPTION 
FIELD OBSERVATIONS RESIST TYPE REC 0 

-----• inch asphalt ,..----  
_ Firm to stiff, brown and gray, silty 

Clay FILL, with asphalt and concrete 
_ fragments 

Boring advanced 
with 6-inch diam-
eter hollow stem 
auger, Lower 5 ft 
8-inch 

F 
I 
L 
L 

=ON — 

..4 IMO 

- 
With odor — ,MMI - 

5— OMIEMNII 

ORM 

Stiff, gray, Silty CLAY CL 

Stream deposit — •••• ,11 •••• 

L. Stiff, brown, Silty CLAY with organics Some odor amil amIN - 

.III - 
10 - V 24 hr AD — .=••=•••1 - 

Modified loess V. ..•1 - 
I, ik. - ••••I 

....1 — MIN 

Becoming firm to stiff, and low to 
medium plastic — ..... IIMMI - 

15 
4M.I.• ..11•• 

Omni, — ••••• 

— ,IM - - 

=MN •II 

,L•il - - ONO 

20 MIINIMMill 

4--- ATD 

— - 
d•Mll 

Stiff to hard, multicolored, highly plastic CH 
— CLAY with some silt and rock fragments — ••••I - 

- MO 

25 

FIGURE Na  A-58 WOODWARD-CLYDE CONSULTANTS 



37.3' — 
40.3' 
100% — 
100% 

41•••• 

— 

- 
Run #2 
Start: 
Stop: 
Rec: 
DWR: 

100% 

- 

CORE 
RUN 36 
#2 36 

BORING LOG 
SHEET 2  OF  2 

PROJECT NAME 

OWC-12 

SURFACE ELEVATION 

ORTHO CHEVRON PROJECT Na S81-5 

DATE 2/20/81  

CME-750  ST. LOUIS, MISSOURI RIG PROJECT LOCATION   

LOGGED BY  W. Prosser DRILLED BY  G. Johanning WATER ENTERS  El 503.5 ATD 
524 

ELEVATION DATUM USC & GS El 514 24 hr AD 

DEPTH, 

25 TYPE 
SAMPLE 

REC RESIST 
DESCRIPTION U.S.C. SPECIAL NOTES AND 

FIELD OBSERVATIONS 

SAME: Stiff, multicolored, highly CH 
- — plastic CLAY 

- 
•ml•I 

Boring continued 
with NX core OEM 

barrel, diamond 
bit and water •••••1 

Run #1 
Start: 32.3' — 
Stop: 37.3 
Rec: 100% — 
DWR: 80% 

- — 

- - •MNI 

30 - 
- 

LIMESTONE: Light gray, slightly LS 
_ weathered with horizontal — 

and vertical clay seams - NX 60 'MO 

CORE 60 
RUN 

35 #1 - 

— - 
40 100% — 

Bottom of Boring 
— 1.••• OMNI 40.3 ft WIN= 

mml 

,••=8. . MOO 

- MEI 

45 r- NMI - 

=la - alma 

- — ailm• 

- 
em. amM• 

WOODWARD-CLYDE CONSULTANTS FIGURE NO.  A-59 



BORING LOG 
1 OF 1 SHEET 

ORTHO CHEVRON PROJECT NM S81-5 

DATE 2/5/81 

CME-750  ST. LOUIS, MISSOURI 
RIG PROJECT LOCATION   

PROJECT NAME 

OWC-13 

LOGGED BY  Peter Barrett  DRILLED BY  G. Johanning WATER ENTERS  El 510 ATD 
516 ELEVATION DATUM USC & GS SURFACE ELEVATION 

SPECIAL NOTES AND DEPTH SAMPLE U.S.C. DESCRIPTION 
FIELD OBSERVATIONS REC RESIST TYPE 0 

Firm to stiff, brown and gray silty Boring advanced with 
6-inch diameter — 
hollow stem auger, 
Lower 5 ft, 8-inch — 

F 
— Clay FILL I - 

L - 
C I5 F' 

Tg With odor 
••••1 ImMa 

Firm to stiff, gray, low plastic CLAY CL Clay stained bright-
purple 
Stream deposit --

16 P C with organics 
Tif 5 - 

41_____ - 
8 P Firm to stiff, brown to gray, low 

_  plastic, Silty CLAY with organics and 
iron stain 

TE 
..1 4mIl 

- .11=0 

C 12 P Modified loess 
TIT _ mml Oil= 

-41. 
10 

8 P C 
Tg 

.,, - - ilml. 

,•• .II - 
l- •mi• MIMI 

p•M .MIII 

15 
18 Becoming more plastic Some odor C 
Tg ••• - iillil 

•••••I OM. Om. liml 

•••••1 ,III 

- .=•• fIl - 

20 ••=i•mMI 

Stiff, tan, highly plastic CLAY with 

_ shale structure 
Residual C 15 CH 

Tg 
dm•I MI= 

Bottom of Boring 
2 1.5 ft .01 , •1 - .M.MI 

- IMml MIMI - 
-  •1•1=1 - MEI 

25 I 

FIGURE NO.  A-6° WOODWARD-CLYDE CONSULTANTS 



DATE 2/6/81 

PROJECT LOCATION  ST. LOUIS, MISSOURI RIG CME-750 

LOGGED BY  Peter Barrett  DRILLED BY  G. Johanning WATER ENTERS  None 

oWC-I4 

U.S.C. 
0 

SPECIAL NOTES AND 
FIELD OBSERVATIONS DESCRIPTION DEPTH SAMPLE 

TYPE REC RESIST 

— 

15  
C 13 P 

- MEM 

,••••I 'NENE 

— 

BORING LOG 
SHEET 1 OF  1 

PROJECT NAME ORTHO CHEVRON PROJECT Na S81-5 

SURFACE ELEVATION 512 ELEVATION DATUM USC & GS Detected ATD 

Firm to stiff, brown, Clay FILL 
 

FILL Boring advanced 
with 6-ioch diam-
eter hoiiow stem 
auger, Lower 5 ft 
8-inch 
Some odor 
Stream deposit 

 
c 1-0 P' 

mmt 

 
•••10 

Stiff, brown, becoming gray at base, low 
C 13 P plastic Silty CLAY with iron deposits 

TIT  

CL 

— 

5 
C 12 P - - 

Stiff, brown to tan, medium plastic Modified loess 
MIEN 

C 13 P Silty CLAY 

— 18- — — 

- 'Maio - 
10 

Becoming more silty 

moNII 

L 

15 
113" - - 

N 
— 

— _ 

- — Hard, tan-brown, highly plastic CLAY CH Residual 

20 with shale fragments 

C 12 P 

- 
C 12 

TEr MM. OMR 

Bottom of Boring _ 
23.5 ft 

25 

WOODWARD-CLYDE CONSULTANTS FIGURE NO.  A-61 
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DEPTH SAMPLE SPECIAL NOTES AND U.S.C. DESCRIPTION 
0 

FIELD OBSERVATIONS TYPE REC RESIST 

PROJECT NAME 

BORING LOG 

ORTHO CHEVRON 

SHEET 1  OF  1  

PROJECT NO.  S 81-5  

DATE 2/6/81  

RIG CME-750  

WATER ENTERS El 500 ATD  
OWC-15 PROJECT LOCATION 

ST. LOUIS, MISSOURI 

LOGGED BY  Peter Barrett DRILLED BY  G. Johanning 
514 

ELEVATION DATUM USC & GS 
 

SURFACE ELEVATION  

Firm to stiff, brown, Silty CLAY CL Boring advanced with 
- - — 6-inch diameter ,M• 

- 
C 10 P 

T8. 

— 
hollow stem auger; 
Lower 5 ft, 8-inch — 
Modified Loess 

•••• 

_ - - • 

5  4  

C 13 P 
MEM 

- — tImi• 

- - 
— 

10 

C 13 P Becoming medium plastic 

- TS" OEM •=•• 

••••• 

- • O.% ••••I 

- ATD 

15 
Stiff, brown, highly plastic CLAY CH 

C 17 P 
•••• - 
- — 

Hard, tan and gray, highly plastic CLAY  
Residual 

=E. 

— — with shale fragments 

20 4  
C 9 

IT  

•••• 

- - 0. 0  

Bottom of Boring 
MM. — 

21.5 ft 

— OM. - 
MEI - OMNI 

25 

WOODWARD-CLYDE CONSULTANTS FIGURE NO  A-62 



APPENDIX B

WELL PROFILES



PIEZOMETER INSTALLATION REPORT 

Piezometer No. OWC - 1 

Project ORTHO-CHEVRON  Locafion  ST. LOUIS, MISSOURI 

Project No. S81-5 e at 2-18-81  Installed By W.C.C. D Thne  

Method of Installation Well screen and riser pipe were installed immediately after the  

augers were removed from the boring. Drilling fluid was not required.  

LOG OF BORING AND PIEZOMETER 

BORING 
PIEZOMETER 

Type of Piezometer  PVC Observation Well 

o 
E 
(r) 

Top  of Riser Elev.  543.7  
 (Protective Casing) 

\—Vented Cop 

Ground Elev. 541 .C 
al•-• 

W C 
Description 

Li 

CL `>:W./d.WM,*7/4 w,g4e,W1/.kc•`WAte7.gra Firm to stiff, brown, low 
plastic, Silty CLAY 

— 0 — 
- - 

L7 

L5 

-4.-1--LD. of Riser Pipe  4" 

Type of Pipe PVC 

Riser Cement - 

Bentonite Grout 

't—Type of Seal Material 

\ 
Peltonite  

- 
- 
. 
- 

L2 

Nk  

L3 

-1---Type of Backfill Around - 5 
- 

I 

I 
-4--Top of Seal Elev.  533. 5 

- 
Li. • 2 2'  

Lv  7.5 1  
Lv  3.0'  

I-4=
12 ' 5' 

L5= • 15• 2'  

L6=1  0 I 

L7=2  3 '  

— 10—
, - 

\ 

y
Top of Filter Elev.  530.5 

- 
_ 
Becoming medium plastic - - 

—15-
- • • •• 

: :.:74110.1..—Type of Filter Material_ 
. d Washed River Sand 

1  

, Hard, tan-brown, highly plastic 
CLAY with trace of silt - 

L4 

Becoming multi-colored, with 

L6 :,••• i 
. 

shaley sections 
• . . 

- 
- - 
- 25 

Remarks Bottom of boring: 23'  

Inspected By Peter Barrett  
WOODWARD - CLYDE CONSULTANTS 

- CH 

. 
• 

Size of Openings  0.02" 
- - 

Diameter of Piezometer —20-
I  Tip  4" 
. 

- 
- 

I 

.....71--Bottom of Piez. Elev.  518 

5::  :" • ~II • Bottom of Boring Elev.  518 

—I   Diameter of Boring 8" 

MD 



— o-

- 
- 

0. 8'  

L25 5 i  
L5.  2.5'  

1 L4. 2'  
L5.60. 3'  
L6=

10 i  

L7.69 ' 5'  

L7 

--1--Type of Backfill Around 

I 
Riser  Cement -  

Bentonite Grout 

Hard, tan-brown, highly plastic 
CLAY with trace of silt 

Becoming multi-colored, shaley 

Becoming gray with fine sand 

—20 -

- 

SHALE: Calcareous, gray 

_ - 
Becoming purple 

—6o — 

—4o-
- - 

..1LIMESTONE 

_ - LIMESTONE: Massive, light gray, 
- unweathered with 4' of quartz 

- at the top (with pyrite cube) 
- 

- 80 - 

PIEZOMETER INSTALLATION REPORT 

Piezometer No. OWC - 2 
ORTHO-CHEVRON ST. LOUIS, MISSOURI Project Loca tion 

Project No. S81-5 W.C.C. 2-1708-81   Intoned By Date Time  

Method of Installation 
added to cool core barrel. Water was not recirculated. Screen is 10 ft of hacksaw-

slotted PVC pipe. Screen and riser pipe were installed after core barrel was removed. 

LOG OF BORING AND PIEZOMETER 

NX-size double tube core barrel used to core limestone. Clean water 

BORING 

o 
Description E 

V) 

PIEZOMETER 

Type of Piezometer  PVC Observation Well 

Ground Elev. 541 = . 

CD0 C 
Top of Riser Elev.  542.3 
\ (Protective Casing) 
\--Vented Cap 

CL Firm to stiff, brown, low to 
medium plastic, Silty CLAY 

pwo,e0owee/Axwo 

of Riser Pipe  1.5" 
sY//. < 4 `WS', WW/$ 

L5 

Type of Pipe PVC 

-4--Top of Seal Elev.  486.0  

1.—Type of Seal Material_ 
Peltonite  

\ 

Top of Filter Elev. j#53,5_. 
Type of Filter Material 
Washed River Sand 

Size of Openings  0.02" 

Diameter of Piezometer 

Tip 1.5" 

CH 

CH 
I 

SH 

L3

\ 

P-S - 

.• 

LS 
" • 717 

„. 

• • 

oi 

. , 

  

L4 
L6 

- 
- - • V . -.71—Bottom of Piez. Elev  471 .5 

i •1— Bottom of Boring Elev. 
 471.5 

I- -4 Diameter of Boring  6"; 3" 

- 

Remmrks Bottom of boring: 69.5' 

Inspected By Peter Barrett  

WOODWARD - CLYDE CONSULTANTS 



Top of Riser Elev.  532  
\ (Protective Casing) 

Vented Cop 

2' 
Li=  

10 1  

L3=  31  
L4222 '  

L5.1 7'  
, 20'  
L7 23 5 '  

L7 

- _ 

- 
- 

- 

- - 

—10-

- 1 

—20 — 

1_ 
i 

• 

. 

PIEZOMETER INSTALLATION REPORT 

Piezometer No. OWC - 3 
Project ORTHO-CHEVRON  Location  ST. LOUIS, MISSOURI 

Project No. S81-5 Into:Hied By W.C.C. Date  2-16-81  Time  

Method of Installation Well screen and riser pipe were instal led immediately after augers  

were removed from the boring. Drilling fluid was not required. 

LOG OF BORING AND PIEZOMETER 

BORING 
PIEZOMETER 

Type of Piezometer  PVC Observation Well 

E 
o 

Ground Elev. 529 
'Emmons. Descdpfion

— 0 — 

Hard, brown, highly plastic 
CLAY 

Becoming light gray 

—30 — 
- - 
. . 

L2 

NI7 

L3 

r 
• 

X//ge.W.Y,.('`WA‘`q/,<W1 

1 

Type of Pipe PVC 
of Riser Pipe  4" 

-1— Type of Bockfill Around 

1 Bentonite Grout 

.-4—Top of Seal Elev.  519  

t -TyPe of Seal Material 

I 

Peltonite  

1 
Top of Filter Elev.  516 
Type of Filter Material 

Washed River Sand 

o C 
' 

- 

Firm to stiff, brown, Silty 
Clay FILL 

L 1 

W A WA 
RLL 

- 
Stiff, brown, low to medium 
plastic, Silty CLAY 

CL 

Cement - Riser 

L5 

L6 

CH 

- 

CH Stiff, purple, highly plastic 
CLAY 

A 
L4 

LIMESTONE: 
• 

LS 
Size of Openings  0.02" 
Diometer of Piezometer 

Tip 4" 

- 
—4o-
- . 

.y7":.!''.1— Bottom of Piez. Elev.  494 

I 494 Bottom of Boring Elev. 
I— —I Diameter of Boring 8" 

Remmrks Bottom of boring: 35' 

Inspected By Peter Barrett  

W000WARD - CLYDE CONSULTANTS 

PM 

- 

— 
- 



LI. 1.9'  
L2.5.5'  
L3. 3 '  
. 21'  

t 11 • 4'  
i 20'  

L7.29.5'  

7 

PIEZOMETER INSTALLATION REPORT 

Piezometer No OWC - 4 

Project ORTHO-CHEVRON Locafion  ST. LOUIS, MISSOURI 

Project No. S81-5 

Method of Installation  

Installed By W.C.C. Date  2-17-81  Time 

Well screen and riser pipe were installed immediately after augers  

were removed from the boring. Drillinq fluid was not required. 

LOG OF BORING AND P1EZOMETER 

BORING 
PIEZOMETER 

Type of Piezometer  PVC Observation Well 

o 

t Description 

0 Firm to stiff, brown, low 

- plastic Clay FILL 

- 
- . Stiff, brown, low to medium 

plastic, Silty CLAY 
- - 

—10-
- 

Becoming more plastic 

—20 — Hard, tan to brown, highly 
plastic CLAY with black iron 

- stains 

- Becoming brown and purple 

—30-

- - 

••• 

Top of Riser Elev.  521 - 4  
\ (protective Casing) 

P-/AW'/X`VANYlaW/ 

i I.D. of Riser Pipe  4" 

I 
Type of Pipe PVC 

4
_ Type of Backfill Around 

I 
7I—Top of Seal Elev.  513.5 

Type of Seal Material 
Peltonite 

Ground Elev. 519 - •••• 

o C 
. 1 

Li 

,Y4,\w/).v//////$1w/Aa 
Vented Cap 

FILL 

CL 

CL 
I 

CH 

L2 

L3 

NI\\. 

' • 
:-. 

I 
Riser  Cement -  
Bentonite Grout 

L5 

CH 

Top of Filter Elev.  510.5  

Type of Filter Material 
Washed River Sand 

- 

- 

  • , 
Let      1 

Size of Openings  0.02"  

Diameter of Piezometer 

Tip 41 I 

L6 

I ..7

1:4 
1;1i 

- 

- 

. I 
i 

• ...::....7.1—Bottom of Piez. Elev.  48 9. 5 

tr.: • Bottom of Borinq Elev.  489. 5 

I. Diameter of Borinq 8"  

Remarks Bottom of boring: 29.5' (Auger Refusal)  

Inspected By Peter Barrett  
WOODWARD - CLYDE CONSULTANTS 



oef,, ,,,&xv,k‘xf‘‘wi 
of Riser Pipe  14" 

Type of Pipe PVC 

-1—Type of Backfill Around 

Riser  Cement - 

PIEZOMETER INSTALLATION REPORT 

- Piezometer No. OWC 5  

Project ORTHO-CHEVRON Location  ST. LOUIS, MISSOURI  
Project No. S81-5 Installed By W. C . C .  Date  2-5-81  Time  

Method of Installation We11 screen and riser pipe were installed immediately after augers  

were removed from boring. Drilling fluid was not required. 

LOG OF BORING AND PIEZOMETER 

BORING 
PIEZOMETER 

Type of Piezometer  PVC Observation Well 

o 
E 
w 

a •I• 

. 

C 
0•  - 

Ground Elev. 51 5 

1 
Li 

Top of Riser Elev.  518.1  
\ (frotective Casing) 

Description 

Vented Cop 

— 0 — F1LL Stiff, brown, Clay FILL `y~~Y/% yir\`Yl/,c~ *WA - 

L5 

L7 

- - 
- 

- 
- 
- 

- 
— 
- 

CL 

CL 
I 

CH 

CH 

Stiff, gray, low plastic, 
Silty CLAY 
Becoming hard 

Becoming brown and gray, medium 
plastic 

Becoming light brown and gray, 
stiff, more silty 

Medium-highly plastic with 
purple shale fragments 

Hard, yellow-brown, highly 
plastic 

Bentonite Grout 

\ I  Top of Seal Elev._5131_____ 

.i.---Type of Seal Material 
\ Peltonite 
,\. 

\I 
,s 
.., 

\i
\I 

'i 

e; ,:; :1::::+—Type of Filter Material_ 

i

..

:... :ir.:,

!

i::...

:

.:
,...1

.1 

si

W

z

a

e

s

o

h

f

e

o

d

p

R

en

i

i

v

n

e

gs

r 

0

Sa

.0

n

2

d
.. 

 

.  
L4 F

.
  , 

Diameter of Piezometer L6 

Tip 14 "  
1-4,IIIII!.  ,

i  

- . il!i .:.:1 

....;01 

•-•-i  ottom of Piez. Elev.  49°  V.-.: B 

.• • . ... ...i 

Bottom of Boring Elev. 
 488.5

 

Diameter of Boring 8"  

, 1  , 

r 

Li= • 
2 • 5'  

L2.  9'  

3'  
1 

L4. 
3 I

 

L5. • 17•5 '  
i 10I  

L7
 26.5' 

—20 — 

- 
- 

- - 
— 30 — 
- Top of Filter Elev. 503 

- - 
~ — 

- - 
- - 
- . • 

I 

Remarks Bottom of boring: 26.2' (Auger Refusal) 

Inspected By P. J. Knotts  
WOODWARD - CLYDE CONSULTANTS 



PIEZOMETER INSTALLATION REPORT 

Piezometer No. OWC - 6 

Project . ORTHO-CHEVRON Location  ST. LOUIS, MISSOURI 

Project No. S81-5 InstaHed By W.C.C. Date  2-2-81 Time  

Method of Installation This boring caved prior to setting well screen. Clean water was  

pumped through drill stem to flush the boring. The water was not recirculated. Well 

screen and riser pipe were installed immediately after the boring was flushed. 

LOG OF BORING AND PIEZOMETER 

BORING 
PIEZOMETER 

Type of Piezometer  PVC Observation Well 

Ground Elev. 52 3 Top of Riser Elev.  525.6 
o 

E Description a 
C 

0•  C-1"— \ cfrotective Casing) 
~
]
i 

4WV//,-N>Y/A4 

L5 

L3 

• • 

•. 

L6 L4 

i:.

:..
....]

:

11I

I

I

:

l

..

r.:.

...

1

, 

0. 02"  Size of Openings 

Diameter of Piezometer 

.:10- : 
. ill I 

Tip it"  

••:V....: 
::. , :7°1— Bottom of Piez. Elev. 1_1_93_ 

1 
• 

.:...-'.4 
-- I  - Bottom of Boring Elev.  496 - 5 

—I Diameter of Boring 8"   

Vented Cop 
_ 0 _ 

pxmoq.w(404Wff 
FILL Firm to stiff, brown CLAY Fill 

with gravel 
Y4\\Ya 

- 
of Riser Pipe  4" 

I Type of Pipe PVC 
I 

- 
- CL Firm to stiff, brown, low to 

medium plastic, Silty CLAY 
with rootholes and voids 

L2 

t  
\ 

-1 
— Type of Backfill Around —10-

- _ Riser  Cement -  

Bentonite Grout 

Top of Seal Elev.  519 

Type of Seal Material 
Peltonite 

- Becoming medium plastic 

^ _ 1.6'  

Lv  3 '  

Lgt. 
.18'  

L5.  • 9 6'  

L.72 6.5'  

CH —20— Stiff, brown, highly plastic 
CLAY with silt , - 

\ 

1
.  -.~ 

- Hard, vari-colored with shale 
L7 

and fine sand 

- 

r —30 — 
Top of Filter Elev 516  

Type of Filter Material 
Washed River Sand 

- 
- 

- 
- 
- - 
- - 

- 
^ _ 

- 
- 

Remarks Bottom of borinq: 26.2'   

I nspected By P. J. Knotts  
WOODWARD - CLYDE CONSULTANTS 



P.4.0 (0 0w4WWW 
of Riser Pipe  1411 

I Type of Pipe PVC 

I 

-1—Type of Bockfill Around 

I Riser Cement -  
Bentonite Grout 

6' 1•  LI,   

L2.  1 . 5 '  
i 3'  
I 12.5' 

L 8. 6'  

L6=10 i  

L7-17 1  

L7 

I 
-te—Top of Seal Elev.  521 . 5 

16—Type of Seal Material 
Peltonite  

1  \ 

\I 

  

  

  

PIEZOMETER INSTALLATION REPORT 

Piezometer No. 
OWC - 7

 
Project ORTHO-CHEVRON  Location  ST. LOUIS, MISSOURI 

Project No S81-5 Installed By id• C . C. Dote  2-18-81 Time    

Method of Installation Well screen and riser pipe were installed immediately after the 
 

augers were removed from the boring. Drilling fluid was not required. 

LOG OF BORING AND PIEZOMETER 

BORING 
PIEZOMETER 

Type ot Piezometer  PVC Observation Well 

o 

E Ground Elev. 523 

1 
LI 

\\
(!rotective Casing) 

Top of Riser Elev.  525.3  

Vented Cap 

a 
a•-• 

4... 
W C 

O . - 

Descripflon 

FILL wi)),\W h -"///A — 0— Black cinder and gravel FILL 

- 
- Firm to stiff, gray, low 

_ - plastic, Silty CLAY 

Firm to stiff, brown, low 
, 

- plastic, Silty CLAY 
—10 — 

• - Becoming stiff 
- 

- - 
- 

—15  — Becoming tan-brown, medium 
- - plastic 

- 
- - Becoming hard, medium-highly 
- - plastic 

▪ — 
- 
- 

- -  

. . 

1

. 

ti 

" 

L4 I. 
L6 r "

,

 t.t .:: Diameter of Piezometer 

i. :;Niv 

Tip Ifll  

: :ill?, 

. 

I.:.1,,,,LIIii. 
.- Bottom of Piez. Elev.  506.0 

: .1: .-.. 

- _ with clay 

\ 

\\ 
\, 
\ 

L2 

Ls 

CL Stiff, brown, low plastic, . 
- Silty CLAY 

— 5 - 

CL 

CL 

CL 
I 

CH 

- *ow_ 

L3 

Top of Filter Elev. 518 ' 5  

Type of Filter Material 
Washed River Sand 

Size of Openings  0.02" 

. • 

1.•••••••• •-:: 
i •-• Bottom of Boring Elev.  506.0 

. Diameter of Boring 8"  

Remarks Bottom of boring: 17.0'  

Inspected By Peter Barrett  
W00DWARD - CLYDE CONSULTANTS 



— 0  — Black cinder and gravel FILL 
with clay 
Stiff, brown, low plastic, Silt 

PIEZOMETER INSTALLATION REPORT 

Piezometer No. OWC - 8 

Project ORTHO-CHEVRON Locafion  ST. LOUIS, MISSOURI 

Project No. S81-5 installed By W.C.C. Date  2-19-81 Time    

Method of Installation This boring caved prior to setting well screen. The boring was 
flushed by pumping clean water through the dri11 stem. The water was not recirculated. 

Well screen and riser pipe were installed immediately after flushing the boring. 

LOG OF BORING AND PIEZOMETER 

PIEZOMETER 

Type of Piezometer  PVC Observation Well 

C—Y_ 
Vented Cop 

X/4,•41.1A4e/A`WA(1/4‘"itl 

L5 

LI.  2.1'  

Le13.5'  

L

L65.

2 0

9:

 6'  

L3. 
. II I 
L  4=  

3'  

L7 

L7 =27. 5 '  

Size of Openings  0.02" 

Diameter of Piezometer 
4"  Tip 

BORING 

1 

`Y/&W;WM1410A 

E 
o 

cn 

Ground Elev. 52 3 Top  of Riser Elev.  525.7  
\(

.
!rotective Casing) 

Description4- 4.. 

4.1 c 

RLL 

4~-I.D. of Riser Pipe  4"  

I Type of Pipe PVC 
I 

CL 
r - Silty CLAY 
. 

'Firm-stiff, gray, low plastic, 
- -1Silty CLAY (  

— Firm-stiff, brown, low plastic, 
. _ Silty CLAY 

- - Becoming stiff 

CL 
L2 

Type of Backfill Around 
Cement -  

I 
Riser 
Bentonite Grout 

I 
-.t—Top of Seal Elev.  509'5  

\I.—Type of Seal Material 
Peltonite  

L3  \ 1   

\ 

\ : N 

1 

- Becoming tan-brown, medium 
- plastic 

CL 
I 
CH —20 — Becoming hard, medium-highly 

✓ . plastic 

r - Stiff-hard, tan-brown, highly 
- _ plastic CLAY with trace of silt 

CH 

- 
—30 — 

. 

Top of Filter Elev  506.5  

  4.--Type of Filter Material 
Washed River Sand 

- 
- 
- 
- 
- 
- 

r 
— 

L4 :•*".. 
= •. 

L6 • 
tiur 

• 
I• ••0 -  

-...*--Bottom of 
•• 

Piez. Elev.  495.5 
OM 

Bottom of Boring Elev. 455 ' 5 

Diameter of Boring 8"  

Remarks Bottom of boring: 27.5'  

Inspected By Peter Barrett  
WOODWARD - CLYDE CONSULTANTS 



LI. 2.2 '  
Lr  6.5' 
L3.  31  

%-I
4-

 2 • 5'  
L5. • 14 2'  
L6- 20'  

32' L7-  

L7 

I Type of Pipe PVC 

I 

of Riser Pipe  

I 
71—.--TopofSeal Elev.  525.5  

't
—.TypeofSeal Material 

Peltonite  

-1--Type of Backfill Around 

I 

Riser  Cement -  

Bentonite Grout 

- Stiff, brown, low plastic, 
_ Silty CLAY 

- 
—20 — Becoming brown with black iron 

Hard, gray-brown, CLAY with 
—3° — fine sand and shale fragments 

PIEZOMETER INSTALLATION REPORT 

Piezometer No. OWC  - 9  

Project ORTHO-CHEVRON  Location  ST. LOUIS, MISSOURI 

Project No. S81-5 Installed By W• C. C. Date 2-10-81 Time   

Method of Imftllation Well screen and riser pipe were installed immediately after augers 

were removed from the boring. Drilling fluid was not required. 

LOG OF BORING AND PIEZOMETER 

BORING 
PIEZOMETER 

Type of Piezometer  PVC Observation Well 

E 
o 

Top of Riser Elev.  534.8  

\\
(!rotective Casing) 

.\/4,,Ii.t&C<,/,<see/A<\`‘1/,‘Wi 

.C . 

CL 
W c 

Ground Elev. 532 
Description

i 
Li Vented Cap = 

— 0 
- 

_ Stiff, gray, Silty Clay FILL 
with cinders and organics 

FILL 
`s0i,\W; V44 /7/. Y//,A 

L5 

Stiff, gray, Silty CLAY with CL 
-  organ i cs 

- CL 
L2 

L3 

I 

~-10 
- 

_Very stiff, red-brown, highly CH 
_plastic CLAY 

- - depos i ts 

- 
- 
- 

CH 

SH 
Top of Filter Elev.522.5 

,t,---Type of Filter Material 
.1 Washed River Sand 

_Becoming orange-brown, very 

_ sha ley 

• 
, 

• Size of Openings 0.02" 
. 4 . 

111,11 -40 - L6 Diameter of Piezometer 

Ti 4" p 
• 1 

I.
1 

-1—Bottom of Piez. Elev.  5°° 

I:  I. 500 i  • • "i-b- Bottom of Boring Elev.  
I— --I Diameter of Boring 8" 

- 50 

- 
LIMESTONE 

- 
- 

LS 

Remarks Bottom of boring: 44.o'  

Inspected By P. J. Knotts 
 

WOODWARD - CLYDE CONSULTANTS 



Firm-soft, multi-colored, 

' ,,,highly plastic CLAY with lime-
' - .stone and shale fraqments  

- - 

PIEZOMETER INSTALLATION REPORT 

Piezometer No. OWC - 10 

Project ORTHO-CHEVRON  
Locotion  ST. LOUIS, MISSOURI   

Project No. S81-5 Installed By W. C . C . Date  2-13-81 Time  

Method of Installation We11 screen and riser pipe were installed immediately after the 
 

augers were removed from the boring. Drilling fluid was not required.  

LOG OF BORING AND PIEZOMETER 

BORING 
PIEZOMETER 

Type of Piezometer  PVC Observation Wells 

o 

E 
cr) 

Ground Elev. 528 Top of Riser Elev._530• 1 
(Protective Casing) 

Vented Cap 

Description et '4- 
c 0  , i 

— 0 — Stiff, brown-gray, highly 
plastic Clay FILL with organics 
and bricks 

F 
I 
L 
L 

v0).,\V4; VXV//, •`Y/Al ps.\&:4...WIA•ea"ACYCIA411(7,4\.Y1/ 

l I.D. of Riser Pipe  4" 

Type of Pipe PVC 

Type of Backfill Around 

Riser  Cement - 
Bentonite Grout 

L7 

L2 

Stiff, gray, low plastic, 
Silty CLAY 

Stiff, brown, low to medium 
plastic, Silty CLAY 

Becoming gray 

Stiff to firm, brown and purple, 

—30 — 
medium to low plastic, Si1ty 
CLAY with shale 

- 
CH 

L I MESTONE LS 

-q---Top of Seal Elev.  521 

\t--Type of Seal Material 
k, 1 Peltonite  

3 

\ 1 

• 

4 
h . Diameter of Piezometer 

Tip 4" 

. 
—10 

CL 

CL 4 _ - 
- 
r 
- - 
—20 — 
_ - 

L5 

Li= • 1 • 5'  
L2.7'  

L3.-~-- 
, 1'  

L6.1 4 • 5'  
, 15'  
L7- 28'  Top of Filter Elev.  518 

Type of Filter Material 
Washed River Sand 

- 
- 
- 

Size of Openings  0.02" 

—40- L6 

- I•1 

_ . 
- r.:::

.
,:!tr— Bottom of Piez. Elev.  500 

4:~:~::;:::~::~:::1-
Diameter of Boring 8" - 

Remarks Bottom of borinq: 28.0' 

Inspected By P• J. Knotts 

WOODWARD - CLYDE CONSULTANTS 

Bottom of Borinq Elev.  500 - 



LI.  1.8' 

L2
13'  

L3.31 
L4.121 
Ld 9. 81 
L5

10 i 
=  

L728 ' 

L7 

PIEZOMETER INSTALLATION REPORT 

Piezometer No. OWC - 11 

Project ORTHO-CHEVRON  

Project No. S81-5 Installed By W. C . C .  
Location  ST. LOUIS, MISSOURI 

2-19-81 
Date Time  

Method of Imstallation Well screen and riser pipe were installed immediately after augers  

were removed from the boring. Drilling fluid was not required. 

LOG OF BORING AND PIEZOMETER 

BORING 
PIEZOMETER 

Type of Piezometer  PVC Observation Wel 1 

o 

Description E 
cri 

F 
I 
L 
L 

Stiff, gray, low plastic, Silty 
CL 

- 

- 

CH 

- 
- _ 

\ P_rotective Casing) 
Top of Riser Elev.  526.2  

Vented Cap 

p./,&•<14.LsWA(//,‘W/ 

~--~—I.D. of Riser Pipe  4" 

I Type of Pipe PVC 
I 

1— Type of Backfill Around 
Cement -  I Riser 

Bentonite Grout 

I 
-1—Top of Seal Elev.  511.0 

Top of Filter Elev 9° 9.°  

Type of Filter Material 
Washed River Sand 

Size of Openings  0.02" 

I l 

.:, ..I 

V::: i ..:;1--Bottom of Piez. Elev. it9_6_____ 

ii -. ' .1..1;.;1-.1 • Bottom of Borinq Elev 496  

1-, -4 Diameter of Borinq 8"  

Ground Elev. 524 .C 

CL
4- }* 

W c 

Stiff, brown, Silty Clay FILL 

With rubble 

._ 

- _ 
— 0 — wx\V/4; ,4W W/,4 -NY//4 

L2 

L3 

I 

L5 

- 
CL 

LAY I 
Stiff, brown, low plastic, 
Silty CLAY 

-10 - 

- .1 

_ - 
-20 - 

.1.---Type of Seal Material 
Peltonite  

\ 

1 

- 
Stiff to hard, brown, highly 
plastic CLAY 

30 - 

- 

L4 

- - 
- - 

- 
_ - 

Diameter of Piezometer 
" Tip 4 

L6 

- 
- 

Remarks Bottom of boring: 28.0' 

Inspected By Peter Barrett  
WOODWARD - CLYDE CONSULTANTS 



1 

Type of Pipe PVC 
of Riser Pipe  1.5" 

i 

Project 
ORTHO-CHEVRON 

PIEZOMETER INSTALLATION REPORT 

Piezometer No. OWC - 12  

Location  
ST. LOUIS, MISSOURI 

Project No. S81-5 W.C.C. 2-20-8 1  Installed By Dote Time   

Method oflmftHation NX-size double tube core barrel was used to core the 1 imestone. 

Clean water was used to cool the core barrel. The water was not recirculated. Well 

screen and riser pipe were installed immediately after core barrel was removed from 

the boring. 

LOG OF BORING AND PIEZOMETER 

BORING 
PIEZOMETER 

Type of Piezometer  PVC Observation We11 

o 

E 
r.r) 

Ground Elev. 524 Top of Riser Elev.  526.5  
\(

..
!rotective Casing) 

peMei"1/.sw.01/,‘w/ 

Riser 

I

Bentonite Grout  

-71----Top of Seal Elev.  498.75  

t Type of Seol Material_ 

Top of Filter Elev 495.75  

Type of Filter Material 
Washed River Sand 

Size of Openings  0.02" 
. 

Diameter of Piezometer 

Tip 1 -5" . 

Description .1= 
0.! 1 LI 

'W,WPWVII VA 

Vented Cop 
Firm to stiff, brown and gray, 
Silty Clay FILL 

F 
I 
L 
L 

— 0 — 

L5 

LI.  2.0'  

L2_~5 ~5' 

' , 12 
L7 

L532.25'  

1 L6.  01  

, 40.25' 

- - 
. . 

- - 
.10 — 
_ - 

L2 

L3 

r 

Stiff, brown, low plastic, 
Silty CLAY 

CL 
. - — Type of Backfill Around 
1  Cement - 

Peltonite 

Becoming low to medium plastic 
- 

—20 — 

\\ I 
N 

w . 

M . 

- - 
- - 
—30 — 

Becoming medium plastic 

Stiff to hard, multi-colored, 
highly plastic CLAY with trace 
of silt and rock fragments 

CH 

1 
_ LIMESTONE: Gray, weathered with 

horizontal and vertical clay 
seams 

LS 

- - 

—40 — 
- - 

L4 

L6 
1 

- 
- 

47-1--Bottom of Piez. Elev.483.75 

•... • 
I  - Bottom of Boring EleVI83- 75 

I~ —I  Diameter of Boring _6_1!;___3f 
—50 

- 

Remarks Bottom of boring: 40.3' 

Inspected By Peter Barrett  

WOODWARD - CLYDE CONSULTANTS 



i 

L3 

Top of Filter Elev.  508 

Type of Filter Material 
Washed River Sand 

• 
• 

Diameter of Piezometer 

PIEZOMETER INSTALLATION REPORT 

- Piezometer No. OWC 13  

Project ORTHO-CHEVRON Location  ST. LOUIS, MISSOURI 

Project No. S81-5 Installed By W. C . C . 
Date  

2-5-81 Time  

Method of Installation Well screen and riser pipe were installed immediately after the  

augers were removed from the boring. Drilling fluid was not required.  

LOG OF BORING AND PIEZOMETER 

BORING 
PIEZOMETER 

Type of Piezometer  PVC Observation We11 

o 

E Ground Elev. 516 
Description 

Firm to stiff, brown and gray, 
low plastic Clay FILL 

Firm to stiff, gray, low 
plastic CLAY with organics 

Firm to stiff, brown, low 
plastic, Silty CLAY with 
organics 

Becoming more plastic 

Stiff to hard, tan highly 
plastic, Shaley CLAY 

Top of Riser Elev. 518.8 
\ Protective Casing) 

il~~'n-  %< A 

1.D. of Riser Pipe  4" 

Type of Pipe PVC 

Riser  Cement - 

Bentonite Grout 

Top of Seal Elev.  511 

Type of Seal Material 
Peltonite 

L-4 

Tip   

1 
496 • :t--Bottom of Piez. Elev. 

••••••••  •:'•!-. Bottom of Boring Elev.  494 - 5 
Diameter of Boring 8"  

a 
W C 

Vented Cap 
- o _ 
- 
- •••1 

- 

F 
I 
L 
L 

I 
CL 

CL 

-1---Type of Backfill Around 
— 5 -

- 
- - L5 

LI.  2 - 5' 

L2. 

L3=~- 

L4.12' L7 

L5 12.5' 

1 0 I 

L7- 21.5 ' 

—10 — 

- 

—15 -

- 
- 
—20 

Size of Openings  0.02"  

L6 

CH 

- 
- 
- 
—25 

- 
- 

Remarks Bottom of boring: 21.5'  

Inspected By P. J. Knotts  
WOODWARD - CLYDE CONSULTANTS 



PIEZOMETER INSTALLATION REPORT 

Piezometer No. OWC - 14 

Project ORTHO-CHEVRON  Location  ST. LOUIS, MISSOURI 

Project No. Installed By Time  S81- 5 W. C.C. 
Dote  2-6-81  

Method of Installation We11 screen and riser pipe were installed immediately after augers  

were removed from the boring. Drillinq fluid was not required. 

LOG OF BORING AND PIEZOMETER 

BORING 
PIEZOMETER 

Type of Piezometer  PVC Observation Well 

o 

t 
Ground Elev. 5 13 Top  of Riser Elev.  51 5  

`W\V4),,rW/XV1/A•Y/M 

L I 
c—r 1  

, (Protective Casing) 
\--Vented Cap 

1— Type of Backfill Around 
Cement -  i Riser 

I Bentonite Grout 
I 

17 7j--- Top of Seal Elev.  507  

'1.—Type of Seal Material 

1.

 
Pel ton i te  

L3 i

s..,\,

 \ I 

\ \I 

\ 

~ - Top of Filter Elev.  5°4 

.C 
4- 4- 

**- 
V c 
(21*- 

Description 

F 

L 
L 

Firm to stiff, brown clay FILL — 0 — p,&.•4e1.('/AsvArlawi 
I 1.D. of Riser Pipe  4" 

I 
Type of Pipe PVC 

)l 1 LI. •  
L2'  6 '  
• 31  
L4=  13'  

L5'
13.2'  

L6=101  

L.
,  7 23.5I 

=  

L7 

Stiff, brown-gray, low plastic, 
Silty CLAY 

CL 
- 

— 5 — 

L2 

- 
Stiff to hard, brown-tan, low 
to medium plastic, Silty CLAY 

- - 
- ✓ 

- 
L 5 

-10-

- 
- 
. 

-15 - 
- 

Type of Filter Material - • 
Washed River Sand 

- 
Size of Openings  0.02' 
Diameter of Piezometer 

Tip if" 

..:f?..1-- Bottom of Piez. 

Bottom of Boring Elev.  1489. 5 
Diameter of Boring  8"  

Hard, tan-brown, highly plastic 
CLAY with shale fragments 

CH 
. 4 - - 

L6 -20-
- - 
- 
_ . 

- - 
—25 

- 

Remarks Bottom of borinq: 23.5' 

Inspected By P. J. Knotts  
WOODWARD - CLYDE CONSULTANTS 



_ 0 _ 
- - 
_ - 
- r 

- 

Firm to stiff, brown, low 
plastic, Silty CLAY 

- 5 - 
- - 

.-- Type of Backfill Around 

I 
71---Top of Seal Elev.  509 

t Type of Seol Material_ 
Peltonite 

I 
Riser  Cement - 

Bentonite Grout 

\ \i 

- 
- 

—10— Becoming more plastic 
 

_ - 
- _ 
- -  

- 

PIEZOMETER INSTALLATION REPORT 

Piezometer No. OWC - 15 

Project ORTHO-CHEVRON  Locafion  ST. LOUIS, MISSOURI 

Project No. S81-5  Installed By w• C.C. Dote  2-6-81 Time  

Method of Installation Well screen and riser pipe were installed immediately after auqers  

were removed from the boring. Drilling fluid was not required. 

LOG OF BORING AND PIEZOMETER 

BORING 
PIEZOMETER 

Type of Piezometer  PVC Observation We11 

o 

E Top  of Riser Elev.  516.5  
\(Protective Casing) 
N--.Vented Cap 

pe/AillAckw/Ac\NwAwwe/ 

--I--I.D. of Riser Pipe  14H 

1 

Type of Pipe PVC 

N 

• 
. 

Diameter of Piezometer 
Tip 4" 

Ground Elev. 514 aw 
W C 

Descripfion 
i 
Li 

CL w4,\),://, 07/Al 

1.1. 1 
5.' 

8'  

L3=-~ 
2  

12'  
L7 

L
5=

• 11 8'  
1 L6. 0 i  

L7= • 21 5 '  

L5 

L2 

L3 

Top of Filter Elev.  506 

Type of Filter Material 
Washed River Sand 

Size of Openings  0.02" 

CH Very stiff to hard, brown, 
medium to highly plastic CLAY 

-15-
- 

- •• • .• 

- Hard, tan-gray, highly plastic 
CLAY with shale fragments 1 4 

-4- I ' L6 
- 20 -

- 

• I 
'~~~--Bottom of Piez. Elev  494  

1 - 
- 
- 

L. -I 
Bottom of Boring Elev.  492. 5 
Diameter of Boringit!.._ 

- 25 

Remmrks Bottom of borinq: 21.5'   

P Inspected By  P. J. Knotts  
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SIEVE ANALYSIS, U.S. STANDARD SIEVES 
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GRAIN SIZE IN mm 

CLAY OR SILT GRAVEL SAND 

FINE COARSE COARSE MEDIUM FINE 

ORTHO - CHEVRON 
ST. LOUIS, MISSOURI 

ORTHO - CHEVRON CHEMICAL CO. 

DESCRIPTION OF SAMPLE SYMBOL DEPTH BORING NO. 

BROWN SILTY CLAY (CL) 

GRAY-BLACK SILTY CLAY WITH SAND (CL) 

0 OWC-5 3' 

WOODWARD - CLYDE CONSULTANTS 
CONSULTING ENGINEERS, GEOLOGISTS 

AND ENVIRONMENTAL SCIENTISTS 
CENTRAL REGION 

Ank 7' 

v BROWN SILTY CLAY (CL) 

YELLOW-TAN CLAY WITH SAND (CH) 

15' DRAWN BY: J• G.. 7 - PROJECT NO. 
581-5 CHECKED  BYr7( 

0 25' GRADATION CURVES FIG. NO. 
D-1 

• 



APPENDIX E 

EPA HAZARDOUS WASTE 
ANALYSIS REPORT FORM 



 

WILSON LABORATORIES 
ANALYTICAL & RESEARCH CHEMISTS & BIOLOGISTS 
A DIVISION OF WILSON & COMPANY, ENGINEERS & ARCHITECTS 

528 NORTH NINTH • SALINA, KANSAS 67401 • LAB:•(913) 825-7186 OFFICE: (913) 827-0433 

LABORATORY REPORT  

Waste Generator: Chevron Ortho Division 

Location of Waste Generation: 

Process Producing Waste: 

Description of Waste: 

Quantity of Waste Produced: 

Average Monthly - 

Maximum Monthly - 

Annual - 

Wastes produced but not covered by these tests: (If any other wastes are known 

to be produced by the same process but are not being analyzed, they should 

be described). 

Parameter(s) being tested: EP (Extraction Procedure) Toxicity Test for Arsenic, 

Barium, Cadmium,, Chromium, Lead, Mercury, Selenium, Silver, Toxaphene, Lindane, 

Methoxychlor, 2,4-D, and 2,4,5-TP, as per "Hazardous Waste Management System", 

Federal Register, 45(98), May 19, 1980. 

Samples were collected on Feb. 24 and 27, 1981 by  Peter Barrett and Philip Knotts 

of Woodward-Clyde Consultants, St. Louis, Missouri • 

Analysis portion of EP Toxicity Test was completed on 12 March 1981, according 

to "Hazardous Waste Management System", Federal Register, 45(98); 33127-33128, 

May 19, 1980. 

These wastes do not exhibit the characteristics of EP Toxicity as defined in and 

tested according to "Hazardous Waste Management System", Federal Register, 

45(98), May 19, 1980. 

File No. 81-9521 
Lab No. 8103-0184E, S81-5 Dirt Pile; 8103-0213E, S81-5 B212 7 ft. 3-3,4 
8103-0213E 
S81-5 B212 3 ft. 1-3,4 
Date: 13 March 1981 



APPENDIX F 

GROUNDWATER CHEMISTRY RESULTS 



. - - 
GI 055 FIBER 

132 
1:17. 
132 

---132 
132 
132 
172 
132 
132 

•- -132 
132 

CJB 132 / 21 
----GJB-----132 21 - 

CJB 132 / 21 
CJB 132 /-21 - 
CJB 132 / 21 
CJB- 132 1 21 
CJB 132 / 21 

--CA( --- 132 V 21-
CJB 132 / 21 

--CJB 132 / 23 
CJB 132 / 23 

-- CLIB 132 / 23 
CA+ 132 / 23 

4.32-1-21-
- CJB 132 / 23 

CJB 

CJD 
CJD 
CJD 
UI(S 
CJB 
CJB 

- -C.JH 
CJB 

/ 21 
/ 21 
/ 21 
I 21 
/ 21 
/ 21 
/ 21 
/ 21 
/ 23 
/ 21 
/ 22 

S81-5 
TABLE F —I Page I of 2 
CHEMICAL ANALYSES 

Observation Well: OWC - 

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2- 27- 81 

( 
Sampled by: 

Woodward-.Clyde Consultants 
PS, PB, CH 

Date Sampled: 2- 26- 81 

Time Sampled: 10:45 

[ ANALYSIS CONCENTRATION UNITS ANALYST BOON/PAGE 
•.• 

LAB NUMBER: 5102-0779A DESCRIPTION: OWC-1 
SPECIAL INSTRUCTIONS: -NOTPrP    - -• - 

2/26/81 DATE SAMPLED 
TIME SAMF•LEL 1045 
ALNALINITY, TOTAL 
CALCIUM, PY EDTA TITRAI1ON 
CHLORIDE 
FLUORIDE 
IRON, TGTAL 
MAGNESIUm 
MANGANESE 
NITRATE 
ORTHOPHOSFHATE 
rH 
POTASSIUM 
SILICON 
SOI!IUM 
SFECIFIC UNDOCTANCE 1210 
SULFATE 
TOTAL ORGANIC CARPON 2.6 
--CONCLUSION--LAD NUMBER: 0102-0779A 

• 

MG/L. A£I CAC03 
MG/L 

--MG/L 
MG/L 
MG/L - 
MG/L 
MG/L - - / - - 
MG/L. AS N / 
MG/L AS-P-- 9--

LKN 83 / 78 
MG/L - / . - - 
MG/L / 
MG/L 
UMHOS/CM MJB 124 / 11 

- -- -- 
GMD 85 / 69 

/  

/ .-- 
/ 

- -/ - - - 
CJA 02 / 32 
BLP -1-08-1-35 - 
CJA 25 / 94 
- --/- - - 
/ 

112 
142-
0.215 

-• 
• 

f 

I .. 

ND(0.05)-
6.50 

i 

LAB NUMDER: 8102-0779b SAMPLE DFSCRIPTTON: OWC-1 
£PCCIAI. INSTRUCTIONS: FILTEP 

0.12 US/L 
. ND(1.0) UG/L 

ND(0.20) UG/L 
ta.:(1.2C) U3/1 
ND(0.7,7,) UG/L 
ND(0.20) UG/L 
ND(0.40) US/1 
ND(0.10) UG/T. 
ND(2.0) UG/1 
NaT . Ur./L 
N U f!' .~ 7) Prq 

ND(10.0) UG/L 
ND(10.0)---418/1 

-0.26 US/L 
ND(0.8) UG/L 
1.8 UG/L 
ND(0.5) UG/L 
ND(0.20) UG/L 
ND(20) •T:G/L 
ND(0.30) UG/L 
ND(100)- UG/L 
NL(0.5) UG/L 

PARATHION, METHYL ND(2.0) firiL 
PARATHIONr ETHYL NL(0.5) UG/I 
TRITHION NOT ANAL. UG/1 
PHOSDRIN (MEVINFHOS) NI+(2.0) UG/L 
--CONCLUSION--LAD I4JMBER: 8102-0779B - 

-ALDRIN 
CHLORLANC 
~S . 4 - Irtl r 
4r4-DDE 
4r4-I)UT 
bIELDR1N 
ENIRIN 

MALATPTL 
SEVIN 
2.4,5-T 

TOXAPHENE 
rui 

`LINDANE 
METHOXYCHLOR 
2,4-D 
MIREX 
CAPTAN 
DIFOLATAN 
CHLORODENZILATE 
GUTHION 
DIAZINON 

( 

_ - -• 
 LAB NUMBER: 8102-0;79C SAMFLE DESCRIPTION: -OWC-1      
 SFECIAL INSTRUCTIONS: FILTERED )NJ FIELD  
 . - .   

'-ARSENIC - 0.010 MG/L 
CADMIUM 0.0005 MG/I. 
COPPER 0.0027 MG/L 

--- 0.05 - MG/L 
--CONCLUSION--LAD NUMBER: 8102-0779C 

DIT 131 / 54 
• BTF 13)-/ 57-

BTF 111 / 56 
--FtTi- ---~51-~ i3

 Groundwater samples for metals analysis were filtered (0.45/0membrane) 

and acid preserved in the field. 



CATIONS 

cr,:xTur 
IRON 
MAGNESIUM 
MANOANESE 
POTASSIUM 
SOPIUM 

rr4.2 MG/L 
rEl 2 . L:C/L 
MC+2 MG/L 
MN[2 MC/L 
K +1 MG/L 
NA+1 • MG/L 

132.00 
~.10- -- --- 
42.70 
0.00 • . 
1.90 

45.00 • - - - - . 

- . _ . . . . . . - . - . 

LABORATORY. 
AW,LYSIS 

- - 

TABLE F-1 • 
CHEMICAL ANALYSES 

Observation Well: OWC - I  

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2-27- 81  

581-5 
Page.. 2 of 2 

• 

Sampled by: 
Woodward-tlyde Consultants 
PS, PB, CH 

Date Sampled: 2- 26- 81 

Time Sampled: 10.45 
• 

• STANDARD•CUE.MICAL WATER ANALYSIS-

DATE: :3 MARCH 1701 

LABORATORY rrir NO.1 01,9521 - -
. LADORATORY NO.: 0102-0779A 

RFRFIVCD-2.7-F-SILLUALY 
• 

. - - _ . -      
ANIONS 

- - 
BICARBONATE HCO3-1 MG/L 
CARBONATE CO3 -2 MG/L 
CHLORIDE CL -1 MG/L 
FLUORIDE F-- -1 MG/l _ _ -- 
HYDROXIDE OH -1 MG/L 
NITRATE N03 -1 MG/L. 
PHOSPHATE P04 -3 MG/L 
SULFATE S04 -2 MG/L 
SILICATE SI04-4 MG/L 
•.-.-- --
SILICA • STO2 
TOTAL FREE CARBON DIOXIDE C02 
EQUILIBRIUM CARBON DIOXIDE C02. 
TOTAL DISSOLVED SOLIDS (SALC) 
TOTAL ALrALINITY AS CAC07 
CALCIUM A11:41.:NITY • . cncc: 
rinc:)EsIum %AS 
56r:TUH AC 
TCTi"r- i..i~~ •' r~ AS 

ii ='t.~ ^Tl •r.:I.: -c" AS 
2 :N.,1.7c _AL 

f.(,C777 
22 

C.".:_. , F_ ....:c'. .. Ifi'IPI.iJE5S 
1::.:':': : ' .... ... ,. ::.`.-.i ' ....TE 1::%f:DHECE 
r.;f PH '1"7." 

Ufl.175 
r" ' 

...........-.... :I:...... _ _ _ 
,. ~ .. :,:1.~-:. 7 "'..F:7"' 

, ::.. ..:.. ._. ;I: .. .. : ]~: ~ S 
sl:7;.!JJ  

Tf(,I.A:4C(7 srrk:-ENT) BY CCNGEU'::,ATlON  

256.03 
_ 0.08 . _ - _ - - - 
142.00 

-~~~  
• 0.00 
11.52 
0.00 

140.00. . _ - . . _ _ 
0.03 

40.66 
287.03 . _ 
37.09 
708.03 
209.94 

. . 
0.00 
0.00 

455.07 
230.00 
175.50 
245.17 

7,21 
7.7! 

._.-0.71 -----.------
6S.00 

1210.00 
0.0172 
--0.92 • 

- _ . - _ - . 

- --.-.--

•. 

- - _ • _ . . 
MG/L 
MG/L 
MG/L 
MS/L 
MG/L 
N2/L 

M5/I 
P.S./L 
V=';. 

• 

- . . _ . 

• • • 

* Groundwater samples for metals analysis were filtered (0.45/t membrane) 
and acid preserved in the field. 



TABLE F-2 -   
CHEMICAL ANALYSES 

Observation Well: OWC - 3      
• 

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2-27- 81 

! , ANALYSIS CONCENTRATION UNITS 

LAE NUMBER: 8102-0780A SANPLE DESCRIPTION: 08C-3 
C'r C( IAI.. INSTRUCTIONS4 NO PREP' 

Page I of 2 

•• 

Sampled by: 
Woodward-tlyde Consultants 
PS, PB, CH 

Date Sampled: 2-26- 81  

Time Sampled: 11115 

•, . - 

- . 

ANALYST BOOK/PAGE 
• 

-.------

/ 
/ 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

• 

. _ 

581-5 

DATE GAMPLED 
TIME SAMPLED 
ALkALINITis FOTAL 
CALCIUM, Ey EDTA TITT,A110k 
CHLORIDE 
FLUORIDE 

2/26/01 
1115 

129 
284 - 
0.135  

MO/L, AS CAE03 
MG/L 

-t1G/L - 
MG/L 
MG/L 
MG/L - . . . - _ . 
MEWL 
MG/L AS N 
MG/L AS P 

MG/- L 
MG/L - 
MG/L. 
UMHOS/C11 - 
MG/L 
MG/L  

./ 
CJA 02 / 32 

•- - -- • Kir-  - OS • • 
CJA / 94 

/ 

- /---. `- 
/ 

- • • / • - - 
BLD 128 / 9 
i_KN • 83- -V 78-

/ 
- - /- _ . - 

/ 
- MJE, - 124 / 11 

/ 
GMD 85 -/-69 

1RON, TOTAL 
MAGNESIUM 
MANGANESE 
NITRATE 
ORTHOPHOSPHATE 10(0.05) 
PH 6.55 • 

• POTASSIUM 
SILICON . _ 
SODIUM 
SPECIFIC CONDUCTANCE 1590 

r , SULFATE 
TOTAL ORGANIC CARBON 2.5 
--CONCLUSION--LAB NUMBER: 8102-0780A 

GLASS FIBER • 

- - - - . -C.JR--732=/--21-. 
CHI 132 / 21 
CJB - 132 / 21 
CJR 132 / 21 
CJB 132 / 21 
CJB 132 / 21 
ENS --122-1 21 
CJE 132 / 21 
CJR 132 / 23 
CJB 132 / 21 
CJD 132 / 22 
CJP 132 / 21 
CJC 422 .1-21 
CA: 132 / 21 
CJE 132 / 21 
CJB 132 / 21 
COD 132 / 21 
CJE 132 / 21 
CJD----132 /-21 
CJD 132 / 21 

CJD 132 / 23 
. • ZJB - 

CJE 132 / 23 
CJB 132 / 23 
CJE 132 / 21 

-CJB 132 / 23 

- - . _ . - 

• 

LAB NUMBER: 8102-0700B SAMPLE DESCRIPTION: OWC-3 
SPECIAL INSTRUCTIONS: FILTER • 

ALDRIN 
CHLORDANE 
4.4-DDD 

;Zi 4,4-EDE 
4,4-DDT 
DIELERIN 
ENDRIN 
HEPTACIILOR 
MALATHION 
SEVIN 

~s4s5-T 
TOXAPHENE 
PCB 

--,LINDANE 
;1ETHOXYCHLOR 
2,4-D 
i1IREX 
CAFTAN 
DIFOLATAN 
CHLOROBENZ1LATE 

GUTHION 
-1DIFrZINUN 

PARATHION, METHYL 
PARATHION. ETHYL 
TRITHION 
PHOGDRIN (MEVINPHOGi 
--CONCLUSION--LAE 

NE:(0.421- - UG/4. - . 
Np(1.0) UG/L 
ND(0.20) UG/L 
ND(0.20) UG/L 
ND(0.30) UG/L 
ND(0.20) UG/L 
NE(0.40) US/1 
NE(0.10) UG/1 
ND(2.0) UG/L 
)IOT ANAL. UG/L 

- 0.1 UG/L 
ND(10.0) UG/L 
ND(10.0) UG/L 
1.07 UG/L 
ND(0.8) UG/L 
ND(1.0) UG/L 
ND(0.5) UG/L 
ND(0.20) UG/L 
NE(20) - .UGIL - 
ND(0.30) UG/L 

ND(100) 
-1.7. 
ND(2.0) 
ND(0.5) 
NOT ANAL. 
ND(2.0) 

8102-07OOL 
- 

- LAB NUMBER: 8102-:780C SAMPLE DESCRIPTION: OWC-3 
SPECIAL INSTRUCTIONS: FILTERED TN FIELU _ . 

- ARSENIC 
CADMIUM 
COPPER 
ZINC 
--CONCLUSIGN--LAB NUMBER:  

1 0. 024 - --- MGIL-------
0.0006 MG/L 
0.0069 MG/1 
0.04 MG/L 

8102-0780C 

. . - -iiTF- -13i-/=;4- 
BTF 131 / 57 
RTE. 131 / 56 
BTF 131 / 53 

- - - - 

 _ - - . - - • _ . . 

* Groundwater samples for metals analysis were filtered (0.45/t membrane) 

and acid preserved in the field. 



s81-5 
TABLE  F-2 Page 2 of 2 
CHEMICAL ANALYSES 

Observation Well: OWC- 3    

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2 -27-81  

Sampled by: 
Woodward-tlyde Consultants 
PS, PB, CH 

Date Sampled: 2-26- 81 

Time Sampled: 11:15 

STANDARD CHEMICAL-WATER ANALYSIS . 

DATE: 13 MARCH 1901 

LABORATORY FILE NO.: 01-9521 . 
LABORATORY NO.: 6102-0"GOA 

- SAMPLE RE CE I OZII. "..27 -rLEl:Uf1&Y._l '~]-

CATIONS 

CALCIUM CA+2 MG/L 
IRON FLi2 MG/L 
MAGNEEsIUM . MC+2 MG/L 
MANGANESE M.4+2 MG/L 
POTASSIUM K +1 MG/L 
SODIUM NA+1 M3/L 

LALORATORY - 
ANALYSIS 

12n.00 
_0.05 
38.00 
0.24 
0.90 
90.00 

- 

- 

 - - -  
ANIONS    

LICARBONATE HCO3-1 MG/L 158.45 
CARBONATE C03 -2 MG/L - 0.06 
CHLORIDE CL --1 MG/L 284.00 

. I:LUORIDE F- -1 MG/L- -0.44 
HYDROXIDE OH -1 MG/L 0.00 
NITRATE N03 -1 MG/L 7.97 
PHOSPHATE P04 -3 MG/L 0.00 
SULFATE SO4 --2 MG/L 115.00 
SILICATE SI04-4 MG/L 0.03 

SILICA SIO2 MG/L 34.24 
TOTAL FREE CARBON DIOXIDE C02 MG/L 160.73 - - --
EQUILIBRIUM CARBON UlOXIDE CO2 Me/L 16.06 
TOTAL DISSOLVED S0L1US (CALC) MG/L 855.48 .-- --
TOTAL ALRALINITY AS SACO3 M3/1. 129.94 
CALCIUM ALKALINITY AS CAC03 114--1. 129..94 
MAGNESIUM ALKALINITY AS Ci)(7.03 Mr./L. 0.00 
SODIUM ALKALINITY AS cnco3 MS/L 0.00 
TOTAL HARDNESS AS EAC03 MG/L 470.15 
CHLCIU.i HARDNESS AS CAC03 MC/L 322.50 
t.i.OKEICIUM HARDNESS AS CAC03 MG/L 156.18 
kC;;-CAKDGi:ATE hA::ON:7SS AC CAC03 MC/L . 340.21 _._ ..------ 
LALC.:1,;: ;;•::i'lKii;.TE HARDHESS MG/L 192.56 -- 
HAGNL6IU;i KCN-:',;-.1.jK,I;I HAU.NESS HC/L 176.10 
fd rE LIITS 6.5: 
ECL,ILIDRIUii PH (;';KCi IN 11;;ITS 7.37 
57.A.........ITY INDEX F'H UNITS 3.18 
i'..41'6;.,..T:G.4 INDLX .. PN UNITS ,0.22.__  
TE;:ii.LE.',7,.;KE LLOREEC FANF,EN::EIT 63.00 
CCNCO3TIVITY, MELL:.ED M151:0;.:i03/LM 1590.00 
r.L.: L;ii.U.STU (MOLAR) 0.0193 
IG“ BALANCE il;,ROR (PROCNT) CY Ci:.,:T.5;;TKATI5N 7.39 

* Groundwater samples for metals analysis were filtered (0.45/( membrane) 
and acid preserved in the field. 

• 

• 



TABLE F-3 
CHEMICAL ANALYSES 

Observation Well: 

s81-5 
Page 1 of 2 

owC - 4  

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2- 26- 81  

Sampled by: 
Woodward-tlyde Consultants 
PS, PB, CH 

Date Sampled: 2- 24- 81 

Time Sampled: 16:00 

ANALYSIS CONCENTRATION UNITS ANALYST DOOK/FAGE 

LAB NUMDER: 0102-0.Y9A SAMPLE DESCRIPTION: OWC-4 CHEVRON 
SPECIAL INSTRUCTIONS: FILTER GLASS 

• 

FIBER 

CJB 
- CJB 

CJB 
- - CJB 

CJB 
- CJB 

BKS 
CJB 

DATE SAMPLED 
TIME SAMPLED 
ALDRIN 
CHLORDANE 
4,4-DDD 
4,4-DDE 
4,4-DDT 
DIELDRIN 
ENDRIN 

-'41EPTACHLOR 
MALATHION 
SEVIN 

- 2r4r5-T 
TOXAPHENE 
PCB 
LINDANE 
METHOXYCHLOR 
~r4-D 
-7MIREX 
CAPTAN 

i 
DIFOLATAN 
CHLOROBENZILATE 
GUTHION 
DIAZINON 
PARATHION, METHYL 
PARATHION, ETHYL 
TRITMION 
PHOSDRIN (VEVINVU3S) 
--CUNCLUSION--LAB 

2/24/01 
16:00 
ND(0.12) UG/L 
ND(1.0) UG/L 
ND(0.20) UG/L 
ND(0.20) AIG/L 
ND(0.30) UG/L 
ND(0.20) UG/L 
ND(0.40) UG/L 
-1.76 UG/L 
ND(2.0) UG/L 
NOT ANAL. -UG/L 

-1.9 UG/L 
ND(10.0) UG/L 
ND(10.0) UG/L 
-1.25 UG/L 
ND(0.8) UG/L 
`47 -11G/L--
- 3.07 UG/L 
ND(0.20) UG/L 
ND(20) UG/L 
ND(0.30) UG/L 
ND(100) UG/L 
1.6 UG/L 
ND(2.0) UG/L 
UD(0.5) UG/L 
NOT ANAL. UG/L 
ND(2.0) UG/L 

8102-0699A 

- - - - 
/ 
/ 

132 / 21 
- - 132 / 21 

132 / 21 
- 132-4-24-

132 / 21 
132./ 21-
132 / 21 

- - -132 /- 21 
CJB 132 / 23 

-- CA; ----432-,1-24-. 
CJB 132 / 22 
CJB 132 / 21 
CJB 132 / 21 
CJB 132 / 21 
CJB 132 / 21 

--CJD ----132 ~1- 
CJB 132 / 21 

- CJB 132 1 21 
CJB 132 / 21 
CJB 132 / 21 
CJB 132 / 23 • 

- GJB - --132 -23 
CJB 132 / 23 
CJD 132 / 23 
CJB 132 / 21 
CJB 132 / 23 

- . - - 

_ - - - 
LAB NUMBEI: 8102-7",91,  SAMPLE DESCRIPTION: OWC-4 CHEVRON 

SrECTAL INSTRUCTIONS; FILTERED IN FIELD 

ARSENIC ND(0.001) MG/L - -VIE -431 -1-50-

CADMIUM 0.0021 MG/L RCR 130 / 196 
COPPER 0.0023 MG/1- -RCR -- 130 / 200 
ZINC 0.040 MG/L RCR 130 / 192 
--CONCLUSICN--LAB NUMBER: 8102-0699B 

LAD NUMI4T: 8102-0679C SAMPLE DESCRIPTION: OWC-4 CHEVRON 
SPECIAL INSTRUCTIONS: NO PREP 

r i ALKALINITY, TOTAL 110 
CAI CIUM, BY EDTP TITRATION 183 
CHLORIDE 540 
FLUORIDE 0.11-
IRON, TOTAL 0.17 
MAGNESIUM 44 
MANGANESE 0.31 
NITRATE 2.0 
ORTHOPHOSPHATE 0.05 
PH 5.90 
POTASSIUM 2.5 
SILICON 14 
SODIUM 170 • 

SPECIFIC CONDUCTANCE 2400 
SULFATE 75 
TOTAL ORGANIC CARRON 5.7 
--CONCLUSION--LAB NUMBER: 8102-0699C 

/ 91 
/ 32 
/ 35 
/-94-
/ 186 
/ 19G 
/ 186 
/ 32 
/ 9 
/ 4,6 
/ 18E 
/ 19C 
/ 181 
/ 10 
/ 37 
/ 69 

MG/L. AS CAC03 BLD 47 
MG/L CJA 82 
MG/L BLD 108 
MG/L -25-
MG/L RCR 130 
MG/L RCR 130 
MG/L RCR 130 
115/L AS N CJA 109 
MG/L AS P BLD 128 

L-KN --83 - 
MG/L RCR 130 
MG/L RCR 130 
MG/L RCR 130 
UMHOS/CM MJB 124 
MG/L BLD 95 
MG/L GMD - 05 

* Groundwater samples for metals analysis were filtered (0.45romembrane) 

and acid preserved in the field. 



j...APORATORY 
ANALYSIS 

- 

- 
- - - - 

MG/L 
MG/L--- ---

 
--MG/L- - 
MG/L 
MG/L - -

183.00 
_0.12 
44.00 

- 0.31  ----- -- 
2.50 

170.00 ----

TABLE F-3 
CHEMICAL ANALYSES 

Observation Well: 

581-5 
Page 2 of 2 

OWC -  4  

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2- 26- 81  

Sampled by: 
Woodward-tlyde Consultants 
PS, PB, CH 

Date Sampled: 2- 24- 81 

Time Sampled: 16.00 

STANDA&Li -CI1CM I CAL-14ATER 

_ DATE: 13 MARCH 1901 . 

-LABORATORY FILE-143.4 -01 -9521._ _-
LABORATORY NO.: 0102.-0699C 

__GAMTILE-RECES-VED 24 rrBRUAPY 1901  

CATIONS 

CALCIUM 0A42 
IRON - 11:42 
MAGNESIUM MG+2 
MANGANESE MN42 
POTASSIUM K +1 
SODIUM NA41 

- 
ANIONS 

BICARBONATE HCO3-1 
CARBONATE C03 -2 
CHLORIDE CL -1 
FLUORIDE F -1 
HYIlROXIUE OH -1 
NITRATE N03 -1 
PHOSPHATE PO4 -3 
SULFATE S04 -2 
SILICATE SI04-4  

MG/L 134.19 
-MG/L- 0.01 
MG/L 540.00 
AG/L- - - - - 0.11 - -
MG/L 0.00 
MG/L 12.40 - 
MG/L 0.15 
MG/L 75.00-- _ 
MG/L 0.01 

- 

SILICA SIO2 MG/L 29.96 
TOTAL FREC CARBON DIOXIDE - 002- MG/L -- - - 637.59- - - --
EQUILIBRIUM CARSON UICIXIDE C02 MO/L 16.33 
TOTAL DISSOLVED SOLIDS (CALC) • AG/L 1189.62 
TOTAL ALKALINITY AS CAC03 MG/L 109.93 
CALCIUM ALKALINITY • AG CACG3 -MG/1. 409.-9-3 

- - 

MAGNESIUM ALHALINITY AS CAC03 MG/L 
SODIUM ALHALINITY AS CA003 MG/L 
TOTAL HARDNESS AS CAC03 MG/L 
CALCIUM HARDNESS AS CAC03 MG/L 
hAGNESIUM HARDNESS AS CAC03 MG/L 
NON-CARDONATC HAR1.NEG3 AS -CAGGS MG/L. • 
CALC11Th NUN-CA1LL:NATE W.RENESS MG/L. 
mAGNESIUM NON-SARDCATE :;ARDNLOS M0/1 
PH PH UNITS 
EOUIL1SHIUM PH (FM5) PH UNITS 
STABILITY INTIEX PH UNITS 
SATURATION INDEX PH -U;;ITS 
TEMPERATURE DES,,LES 
CONUCTIVITY, MEASUACD M1CROMOS/CM 
IONIC STRENGTH C:'1E.:_;j:i 
ION DALANCL ET,F,DR 7EF:J,Eij) b l CONE1.1:7-,ATION  

0.00 
0.00 

637.56 
457.50 - 
100.04 
527.63 
347.57 
11:0.04 
5.90 
7.20 
0.66 

- 
69.80 

- 2430.00 
0.0269 
2.59 - 

* Groundwater samples for metals analysis were filtered (0.45/0membrane) 

and acid preserved in the field. 



AS CAC03 MG/L, 
MG/L 
MG/L 
MG/L 
MG/L 

- --MG/L 
MG/L 
MG/L AS N 

/ 

MG/L AS P 

MG/L 
MG/L - 
MG/L 
UMHOS/Ch 
OG/L-
MG/L 

/ 
CJA - . 82 / 32 
BLD 100 / 35 
CJA / 94 

/ 
- ~----- 

/ 
CJA - 109 / 32 
DLD 12S / 9 
LEN - 83 / 78-

/ 

/ 

MJB 124 / 11 
/ -------- - 

OMB 05 / 69 

S81-5 
TABLE F-4 Page f of 2 
CHEMICAL ANALYSES 

Observation Well: OWC -  5  

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2-27-81  

Sampled by: 
Woodward-.Clyde Consultants 
PS, PB, CH 

Date Sampled: 2-25-81 

Time Sampled: 14:00 

• 

ANALYSIS CONCENTRATION UNITS 
• 

ANALYST BOOK/PAGE 

LAB NUMBER: D102-07G1A SAMPLE DESCRIPTION: -0WC-5-

SF'EC1AL INSTRUCTIONS: NO PREP 
- - - 

DATE Sf,MPLEL 2/25/81 
TIMC SAMPLED 1400 - 
ALKALINITY, TOTA_ 
CALCIUM. BY ELTA TIT;.ATION 134 
CHLOr:IPE 46 
FLUORIDE 0.135 
IRON, TOTfiL 
MAC.4.:SlUM 
MANGANESE 
NITRATE ND(0.1) 
ORTHOPHOSPHATE 0.30 
Ft' 6.40 
POTASSIUM 
SILICON 
SOI:IUii 

SPECIFIC CONDUCTANCE 1450 
SULFATE 
TOTAL ORGANIC CARBON 9.5 
--CONCLUSION--LAB NUM,L.N: 31.): 0701A 

LAB NUMBER: 8102-0781B SA;LE DFSCRIPTION: OWC-6 - 
SECIAL INSTRUCTIONS: FILTEP GLASS FIBER - 

DATE LAMPLED 
TIME SAMPLED 
ALDRIN 
CHLU:DANE 
4r4-UID 
4,4-DDE 
4,4-DDT 
I1IELbkIN 
ENDRIN 
WEPTACHLOR 
MALATHION 
SEVIN 
2,4,5-T 
TOXAPHENE 
PCB 
LINDANE 
METMOXYCHLOR 
2,4-D 
MIREX 
CAPTiiN 
PIFOLATr1N 
CHLORCIA-NZILATE 
GUTHION 
LIAZION 
FARATMION. METHYL 
PARATHION, ETHYL 
TRITHION 

(MEVINPHOS) 
--CONCLUS10N--LAB NUM1ER:  

2/25/01 
1400 
NIi(0.12) 
ND(1.0) • 
ND(0.20) 
ND(0.20) 
NL(0.30) 
ND(0.20) 
NDJ).40) 
ND(0.10) 
N0(2.0) 
NOT ANAL. 
ND(0.1) 
NL(10.0) 
ND(10.0) 
0.29 
ND(0.0) 
ND(1.0) 
ND(0.5) 
ND(0.20) 
un(20) 
ND(C.30) 
ND(1)0) 
NC(0.5) 
3.8 
ND(0.5) 
NOT ANAL. 
ND;2.0) 

i102-C;811: 

/ 
. . . _ / 

CJB 132 / 21 
- -CJF+-----132-f-23`- 

CJB 132 / 21 
CJB 132 / 21 
CJD 132 / 21 

-CJD - 132 1.21 
132 / 21 BKS 

• -- ~JL+. -1ti2-~ 21.-.
 

CJB 132 / 21 
CJB 132 / 22 
CJD 132 / 21 
CJD 132 / 21 
CJB - 132-/ 21 
CJB 132 / 21 
CJD 132 / 21 
CJD 132 / 21 
CJD 132 / 21 
CJD 132 / 21 
CJD---132-1 21 
CJD 132 / 23 
CJB - 132 / 23 
CJD 132 / 23 
CJB 132 / 23 
CJF 132 / 21 

- -CJD--- 112 / 23--

• 

UG/L 
UG/L• 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

.UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L. 
UG/L 
UG/L 
UG/L 
UG/L. 
UG/L 
UG/L 
UG/L 

•- 

• 

LAB NUMBER: 0102-0701C SAMPLE DESCRIPTION: OWC-5 
SPECIAL INCTRUCTIONS: FILTERED IN-FIELD - - - - 

ARSENIC 
CADMIUM 
COPPER 
ZINC 
--CONCLUGION--LAB NUMBER: 

0.003 
0.0010 
0.012 
0.07 

0102-0701C 

MG/L 
MG/L 
MG/L. 
MG/L - 

PTF - -131 / 54 
BTF 131 / 57 
DTF 131 / 56 
BTF 131 / 53 

* Groundwater samples for metals analysis were filtered (0.45/1 membrane) 

and acid preserved in the field. 



426.82 
0.11 
46.00 
0.14 
0.00 
0.00 
0.92 
95.0D 
0.02 

- - 

38.52 
605.20 
122.72 
060.05 
349.94 
336.00 
14.94 
0.00 

405.28 
335.00 
150.04 
135.33 
0.00 

1:15.09 
6.4') 
6.?2 
7.43 
0.52 
68.00 

1420.00 
0.0179 

4.61 

•----
- - - - 

TABLE  F- 4  
CHEMICAL ANALYSES 

Observation Well: 

S81-5 
Page _2_ of 2  

OWC -  5 
• 

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2 - 27- 81  

Sampled by: 
Woodward-tlyde ConsUltants 
PS, PB, CH 

Date Sampled: 2- 25- 81 

Time Sampled: 14:00 

STS.NAARU CHEMICAL WATER ANALYSIS 

DATE: 13 MAP,CH 1901 

LALORATORY FILC NO.1 01-9521- - 
LALORATORY NO.: 0102-0781A 

--SAMPLE REGEIVED-27-F-EBRUARY 1(1'0 1  

LABORATORY. . - - 
CATIONS 

CALCIUM 
IRON 
MAGNESIUM 
MAMGANE6C 
POTASSIUM 
SODIUM 

 
A'lALYSIS 

   
CA42 MG/L 
VE42 MG/L 
M642 MG/L 
kNi2 MG/L 
K 41 MG/L 
NA41 MG/L 

134.00 
.0.1? 
36.70 
4.50 
2.20 
82.00 

   

   

ANIONS 

BICARBONATE HCO3-1 MG/L 
CARBONATE C03 -2 MG/L 
CHLORIDE CL --1 MG/L 
FLUORIDE F -1 MG/L 
HYDROXIDE OH -1 MG/L 
NITRATE NO3 --1 MG/L 
PHOSPHATE P04 -3 MG/L 
SULFATE SO4 -2 MG/L 
SILICATE :;I04-4 MG/L 

SILICA SIO2 MG/L 
TOTAL FREE CARLON LIOXIIiE CO2 MG/L 
EQUILIBRIUM CARBON LIOXIDE C02 MG/L 
TOTAL DISSOLVED aiLIDS (CALC) MG/L 
TOTAL ALNALINITY AS CAC03 MG/L 

- CALCIUM ALKALINITY AS CA203 .116/L . - 
MAGNLSIUM ALKALINITY AS CAC03 MG/L 
SODIUM ALKALINI1Y AS CAC03 MG/L 
TOIAL HARDIESS AS CAC03 MG/L 
CALCIUM HARDNESS AS CAC03 MG/L 
MACNESILM HARDNESS AS CAC03 MG/L 
N6N-CAI:DENATE HAr:I.N:SS AS cnc03 MG/L 
CALCIUM NL,Hc.„,,,L:..-T:iTe HAr.DNESS MG/L 
HI.SNECIUM NSN-CAKI:.K;.TC MC/L 
PH UNITS 
EOUILIBRIUA FM (L.L) PH U.4ITS 

IN6LX ru UNITS 
SATURATION INDLX Pfl UNITE 
TEMERA1UNE LSCLELS 
CEINDULTIVITY, MICROMMOS/CM 
IONIC SININSTH (ULAR) 
ION DALANSE .F:RCENT) COF:NICTED 

* Groundwater samples for metals analysis were filtered (0.45,t membrane) 

and acid preserved in the field. 



S81-5 
TABLE  F-5 Page 1 of 2 
CHEMICAL ANALYSES 

Observation Well: OWC -  6  

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2-28-$1  

Sampled by: 
Woodward-tlyde Consultants 
PS, PB, CH 

Date Sampled: 2-24-81 

Time Sampled: 15:10    

ANALYSIS CONCENTRATION UNITS ANALYST BOOK/PAGE 

LAB HU,,IER: 81:2-0-00A SAMPLC DESCRIPTION: OWC-6 cricuroN 
OPECIAL INOTRUCTIONO: FILTER C:i.3:3 FILER 

UATL 
TIME s,.,mr-LED 
ALDRIN 
CHLORDANE 
4,4-LDD 
4r4-DDE 

4,4-DDT 
DIELDRIN 
ENIFIN 
HEPTACHLOR 
MALATHION 
SEVIN 
2,4r5-T 
TOXAPHENE 
rut 
LINDANF 
METHOXYCHLOR 
2r4-D 
MIREX 
CAPTAN 
DIFOLATAN 
CHLOROBENZILATE 
GUTHION 
DIAZINON 
PARATHION. METHYL 
PARATHION, ETHYL 
TRITHION 
rHOSURIN (MEVINPIMS) 
--CONCLUSION--LAB NUMBER:  

2/24/81 
15:10 
6.94 UC/L 
ND(1.0) UG/L 
2.53 HO/L 
Nb;0.20) UG/L 
r).96 - UG/L 
3.89 - OG/1 
ND(0.40) UG/L 
4.52 UG/L 
ND(2.0) IJG/L 
NOT ANAL. UG/L 
"D(0.1) UG/L 
ND(10,0) HG/L 
1600 UG/L 
43.2 UG/L 
ND(0.8) UG/L 
1.1 UG/L 
ND(0.5) UG/L 
NU(0.20) UG/L 
ND(20) UG/L 
ND(0.30) UG/L 
Nfi(100) UG/L 
27.3 UG/L 
2.2 UG/L 
0.8 - iIG/~ 
NOT ANAL. UG/L 
2.3 UG/L 

G102-0700A 

/ 
/ 

CJD 132 / 21 
CJB 132 / 21 

- CJB--- 132 / 21-
CJD 132 / 21 
C.JIs 132 / 21 
—CJP-- -132-4-21-
FIKS 132 / 21 
CJB 132 -/ 21 - 
CJB 132 / 23 

• 

- CJB- - 132 / 2t 
CJD 132 / 22 

-CJB--- 132-7/-21-
CJB 132 / 21 
CJB --- 132 21 
CJB 132 / 21 
CJB 132 / 21-
CJB 132 / 21 

----CJP- --i32--/--?3-- 
CJB 132 / 21 
CJB 132 / 21 
CJB 132 / 23 
CJB- 132 / 23 
CJB 132 / 23 

--CJ8------;32~- 23- 
CJB 132 / 21 
CJD - 132-/ 23 

• 

i 

• 

LAB MINDER: 0102-0700B SAMriF DESCNIPTION: OWC-6 CHEVPON 
• - - - 

S'ECIAL INETRUCIIONS: FILTEREL IN FIELD 

ARSENIC 
CADMIUM 
corru; 
ZINC 
--CONCLUSION--LAD NUMINT:: 

0.056 MG/1 
0.0021 MG/L 
0.0010 . MG/1 
0.039 MG/L 

0102-0700D 

Tar - 131 / SO 
RCR 130 / 196 
-RC4 /-200 
RCF: 130 / 192 

     _ _ _ - _ 

LAD NUMDIR: L.C2 a700C 1.AMTLE DrSCRIFTION: OWC-6 cHrykou- - _ - 
S'ECIAL INSTRUCTIONS: NO FREF 

ALKALINITY, TOTAL 140 MG/Lr AS CACO3 BLD 47 / 91 CALCIUM, nY EDTA TITRATION 107 MG/L - - • --CJA-----82-1 32 CHLORIDE 116 MG/L BLD 108 / 35 FLUORIDE 0.195 MG/L CJA 25 / 94 IRONr TOTAL 0.26 MG/L RCR 130 / 186 
MAGNESIUM 26 MG/L. RCR 130 / 190 MANGANESE 3,00 MG/L RCR 130 / 186 NITRATE 0.9 MG/L. AS N - -CJA- - t09.--/ 32-ORTHOPHOSPHATE 0.05 MG/L AS P BLD 128 / 9 PH 6,20 LRN - 83 / 76 POTASSIUM 1.6 MG/L RCR 130 / 188 SILICON 16 MG/L . RCR --•--130-11  190 SODIUM 33 MG/L RCR 130 / 188 SF'ECIFIC CONDUCTANCE -1060 -- -UMHOS/CM - - ---MJEI ---124-/-40-SULFATE 145 MG/L BLD 95 / 37 TOTAL ORGANIC CARBON 4.4 MG/L -. GMD -85 I 69 --CONCLUSION--LAB NUMBER: 8102-0700C 

* Groundwater samples for metals analysis were filtered (0.45,0membrane) 

and acid preserved in the field. 



581-5 
TABLE F-5 Page 2 of 2 
CHEMICAL ANALYSES 

Observation Well: OWC - 6    

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2- 26- 81  

Sampled by: 
Woodward-tlyde Consultants 
PS, PB, CH 

Date Sampled: 2- 24- 81 

Time Sampled: 15:10 

8TANDARD-GHEMICAL-14ATER-ANALYGIG-

DATC: 13 MARCH 1901 _ 

LABORATORY FILE•NO.: -81-9521- --
LABORATORY NO.: 8102-0700C 

--&AMPLE REGET4E-D-24  r.crruAny 1944__ 

-LABORATORY-
CATIONS ANALYSIS 

    
CALCIUM CA+2 MG/L 
IRON FE+2- -MG/-1 
MAGNESIUM MG+2 MG/L 
MANGANESE MN+2 MG/L -- 
POTASSIUM K fl MG/L 
SODIUM NA+1- --MG/L  

107.00 
-4-26  
26.00 

- - 3.00 -- - 
1.60 

33.00- 

ANIONS - 
BICARBONATE HCO3-1 MG/L 170.76 
CARBONATE C03 -2 t4G/L--- - - 
CHLORIDE CL -1 MG/L 116.00 
FLUORIDE- F% --I --MG/L---- --0-.-~  
HYDROXIDE OH -1 MG/L 0.00 
NITRATE- -- NO3 -1 -MG/t 3.99 
PHOSPHATE F'04 -3 MG/L 0.15 
SULFATE S04 -2 -hG/t - -1-45.00 - - - - 
SILICATE SI04-4 MG/L 0.01 

SILICA SIO2 MG/L 34.24 
TOTAL FREE CARBON UIOXIDE GO2 hG/L 373.-66 
EQUILIBRIUM CARBON DIOXIDE C02 MG/L 16.18 
TOTAL DISSOLVED SULILS (CALCY MG/L 638.-43 
TOTAL ALKALINITY 
CALCIUM ALKALINITY 
MAGNESIUM ALKALINITY 
SODIUM ALKALINITY 
TOTAL HARDNESS 
CALCIUM HARDNESS  

AS CAC03 MG/L 139.95 
AS OACO3 MG/-6 --I b9~4:; 
AS CAC03 MG/L 0.00 
AG GAC03 -RS/-L -0.00 --------
AS CAC03 MG/L 373.90 
AS CAC-03 MO/L 267.50 

• 

1;ACNLCIUM HARLNESS AS CAC03 MG/L 106.86 
NON-CARBONATE HAkDNESS -AS -OAC443 -411/1 427,3-.-9S  
CALCIUM NON-CARLONAIE HARDNESS NC/L 127.55 
MAGNESIUM NON-CARI.ONATE HARONEGG MO/L 106.8:.. ---- -. .----- -_  
PH rH UNITS 6.20 
EWLIILIBRIUM PH (PHS) -PW-UNITS 7.40- ------- 
STABILITY INDEX rH UNITS 0.60 
SATURAIION L4TEX -R4-4---UNI-TC -1.-,a  
TEMrERATURE LESREES rAHRENHEIT 68.00 
CCNDUCTIVITY. MEASUUD - MICROMHOS/CM -_106C._.Dn...  
IONIC STrENUTH (MOLAR) 0.0144 
ION EALANCE ER:,OR (VE;CENT)-BY- CONCENTRATgON- ---0.53 

* Groundwater samples for metals analysis were filtered (0.45/I membrane) 

and acid preserved in the field. 



132 
132 
132 
132 
132 
132 
132 
132 
132 
132 
132 
132 
132 
132 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

21 
21 
21 
21 
21 
21 
21 
23 
21 
22 
21 
21 
21 

/ 
/ 
/-21 UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
U6/L 
UG/L 
UO/L 
HG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 
UG/1 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

- 

- 

TABLE F-6 
CHEMICAL ANALYSES 

Observation Well: 

s81-5 
Page I of 2 

OWC - 7 
Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2-26-81  

Sampled by: 
Woodward-tlyde ConsUltants 
PS, PB, CH 

Date Sampled: 2-24-81 

Time Sampled: 13:45 
- _ 

ANe.LYSIS CONCENTRATION UNITS . ANALYST POOK/PAGE 

LAD NUMPER: 8102-0701A SAMPLE DESCRIPTION: OWC-7 CHEVRON 
SPECIAL INSTRUCTIONS: FILTER GLASS FIBER 

DATE SAMPLED 
TIMC SAMPLED 
ALDPIN 
CHLOnDANE 
4,4-DDD 
4,4-DDE 
4.4-DDI 
UIELDRTN 
ENDRIN 
HEFTACHLOR 
MALATHION 
SEVIN 
2,4,5-T 
TOXAEUENE 
PCP 
LINDANE 
METHOXYCHLOR 
2,4-D 
tIFEX 

CAFTAN 
DIFOUTAN 
CHLMOPEN7ILATF 
GUTHION 
PIAZ;+-JN 
PARATHION, METH1L 
;A:-.ATHION, ETHYL 
TFITHION 
EHOSDRIN (t.,EVINFHOS) 
-- CONCLUSION--LAP NUMBER:  

ZJB --
CJB 
CJP 
CJP 
CJP 
CJB 

-- IEKS... 
CJB 

CJB 
CJP 
CJB 

- ZJP---
CJB 

CJB 132 / 21 
- LJN-332 -,4-21-

CJP 132 / 21 
CJB 432 / 21-
CJP 132 / 21 
CJB 132 -/ 21 
CJB 132 / 23 

----CJB -132-4-23-
CJB 132 / 23 

-CJP --132 / 23-
CJB 132 / 21 

--CJB 432-1 23-

Z TT 131-.=SQ- 
7iCR 130 / 194 
RCA- --- -130 198 
RCR 130 / 192 

- _ _ 

2/24/81 
13:45 
63.3 
ND(1.0) 
ND(0.20) 
ND(0.20) 
ND(0.50) 
ND(0.20) 
NP(0.40) 
ND(0.10) 
100 
NOT AW.L. 
0.2 
ND(10.0) 
ND(10.0) 
1880 
ND(0.8) 
2.(,- _- 
ND(0.5) 
ND(0.20) 
ND(20) 
ND(0.30) 
ND(100) 
427 - - 
6.1 
12.9 
NOT ANAL. 
7.9 

8102-0701A 
- - 

r 

- 
LAB NUMBER: 8102-0701B SAMFLE DESCRIPTION: OWC-7 CHEVRON 

SPECIAL INSTRUCTIONS: FILTERED IN FIELD 

ARSENIC 0.13 MG/L-
CADMIUM 0.012 MG/L 
COPPER 0.096 MG/L - 

• ZINC 0.36 MG/L 
--CONCLUSION--LAD NUMDER: 8102-0701B 

L. P 81,7.: 701C ' MILE DESCRIPTION: OWC-7 CHEVRON 
'TECIAL INSTRUCTIONS: NO PREP 

A!_k.,,LTNITY, TOTAL 
CA,CIUM. DY LDTA TITRATIO;2 
CHLC7:IDE 

IPM4. TCTAL 
)'JÂO..E 
MA1T( :=SE 
NITRATE 
OR71'271i03rHATE  

320 
139 - 
296 
0.245 
0.69 
58 
14 
ND(0.1) - 
0.15 

MG/L, AS CAC03 
-MG/L 

MG/L 
MG/1 
MG/L 
MG/L 
MG/L 
MG/L AS-N - -- -
MG/L AS F'  

BL It 47 / 91 
432----/ -32 

BLD 108 / 35 
C J A -/- 94 
R CR 130 / 186 
R CR - 130 -/ 190 
RCR 130 / 186 

- J A 109 32 - 
PI 128 / 9 

PH 
POTASSIUM 
SILICON 
SODIUM 
SPECIFIC CONDUCTANCE 
SULFATE 
TOTAL ORGANIC CARBON 
- -CONCLUSION--LAB NUMBER: 

6.30 
5.5 
11 
114 
1060 
220 
93 

8102-0701C 

MG/L. 
MG/L 
MG/L 
UMHOS/CM 
MG/L 
MG/L 

LKN 83 / 78 
- RCR 130-1-1-88 

RCR 130 / 190 
RCR - 130 / 488 
MJB 124 / 10 
FLU - -95 1-37 
GMD 85 / 69 

  - - - _ - - - 
   -     
       

* Groundwater samples for metals analysis were filtered (0.45/1 membrane) 
and acid preserved in the field. 



TABLE F-6 
CHEMICAL ANALYSES 

Observation Well:  

S81-5 
Page  2 of  2  

OWC - 7 

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2- 26-81  

Sampled by: 
Woodward-tlyde Consultants 
PS, PB, CH 

Date Sampled: 2- 2_4- 81 

Time Sampled: 13,45 

-GTANDAKB-CWIMICAL-144TER-4.1.1.'iLYSIZI-
     

- DATE: 13 MARCH 1901 - 
       

- LAI:ORATORY-FILE-NO.: . 81, 9=11 
LAIiORATORY NO.: 8102-0701C 

-GAM,21.-E-FX0CTVED  '4 rrDR11 ,̂PY 193.1_ 
     

    ----LADDRATORX     - - -   
CATIONS 

CALCIUM CA4-2 MG/L 
IRON- - - -t~C~L  
MAGNESIUM MG42 MG/L 
MANGANESE MN+2 -MGAL 
POTASSIUM K 41 MG/L 

  

ANALYSIS 

139.00 
0,-69    

  
50.00 
14,00 
5.50 

   
     

SODIUM NA+1 MG/L 114,00 

- 
ANIONS •  

BICALONATE 
CARBONATE 
CHLORIDE 
FLUORIDE 
HYDROXIDE 
NITRATE 
PHOSPHATE 
SULFATE 
SILICATE  

HCO3-1 MG/L 
C03 -2 Mu^/L- 
CL -1 MG/L 
F - -1--MG/L 
OH -1 MG/L 
N03 -1 AG/L-- 
PO4 -3 MG/L 
SO4 -2 MG/L- - 
SI04-4 MG/L  

390.26 
_ - 0,1-0 _ _ _ _ 

296.00 
  -0~ ~4-  

0.00 
11.-00... - -  
0.46 

220.00 
0.01 

SILICA SIO2 MG/L 23.54 
TOTAL FREE CARBON DIOXIDE - C02 - MGIL-
EQUILIBRIUM CARBON DIOXIDE CD2 MG/L 

78--
 

1265.41  TOTAL DISSOLVED SOLIDS (CALC4- MG/L-
319.96 TOTAL ALKALINITY AS CAC03 MG/L 
-71s1,94-CALCIUM ALKALINITY AS -CA.003--MC„!t 

0.00 MAGNESIUM ALKALINITY AS CAC03 MG/L 
0.00  - SOUIIJM ALKALINITY AS CAC03 MG/L 

505.36 TCTAL HARDNESS AS CACO3 MG/L. 
50 

 
CALCIUM HARDNESS AS --CAC03 . MG/L- - 
MAGNESIUM HARDNESS AS CAC03 MG/L 

— —265,40 NON-CARBONATE HARDNESS --- AS. CAC0-3--M0,4_ 
CALLIUM NON- EARrONATE mr:I'NESS MG/L 27.54 

230.38 MAO,TGIU;', NON-CARLCNATE HARDNESS MG/L - 
6.30 F'H PH UNITS 
6.96 EgUILIBRIUM PH (PHS) PH UNITS 
7.61 STAIILITY PH UNITS 

',A7U;•ATION INDEX — —F~d ~1t:TT : — — O~~Ea—  
- DEGREES FAHRENHEIT 

CENT.:_;CTIVITY. MEASURED MICROMN07/SM :0.;0.00---- - - 
ICNIC SIEKOTH (MOLAR) 0.0268 
ION BALANCE ERROR (PERCENT) BY CONCENTRATION -5.49 — 

* Groundwater samples for metals analysis were filtered (0.45/0membrane) 

and acid preserved in the field. 

- 



S81-5 
TABLE  F- 7 Page of  2  
CHEMICAL ANALYSES 

Observation Well: owc - 8    

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2- 26- 81  

Sampled by: 
Woodward-tlyde Consultants 
PS, PB, CH 

Date Sampled: 2- 24- 81 

Time Sampled: 13.10 

_ .-.• - - - • 
ANALYSIS CONCENTRATION UNITS ANALYST BOOK/PAGE 

_ . 
LAB NUMBER: 8102-0702A SAMPLE DESCRIPTION: OWC-8 CHEVRON ------- ---------- - -

SPECIAL INSTRUCTIONS: FILTER GLASS FIBER 

DATE SAMPLED 2/24/81 
TIME SAMPLED 13:10 
ALDRIN 4.59 UG/L 
CHLORDANE ND(1.0) - UG/L ( 4,4-DDD ND(0.20) UG/L 
4r4-DDF ND(0.20) -UG/L 
4.4-DDT ND(0.30) UG/L 
DIELDRIN 1.45 UG/L 

1 1 ENDRIN ND(0.40) UG/L 
HEPTACHLOR ND(0.10) UG/L 
MALATHION ND(2.0) UG/L 
SEVIN NOT ANAL. UG/L 
2.4.5-T 9.7 UG/L 
TOXAPHENE ND(10.0) UG/L 
PCB ND(10.0) UG/L 
LINDANE 184 UG/L 
METHOXYCHLOR ND(0.8) UG/L 
2.4-T 87.0 UG/L 
MIREX ND(0.5) UG/L 
CAPTAN ND(0.20) UG/L 
DIFOLATAN ND(20) UG/L 
CHLOROBENZILATE ND(0.30) UG/L 
GUTHION ND(100) UG/L 
DIAZINON 37.8 UG/L 
PARATHION. METHYL 1.6 UG/L 
PARATHION. ETHYL 2.5 • UG/L 
TRITHION NOT ANAL.---1.1G/L-
PHOSDRIN (MEVINPHOS) ND(2.0) UG/L 
--CONCLUSION--LAB NUMBER: 8102--0702A  

/ 
- - 

CJB 132 / 21 
- CJB----132 -/ 21 

CJB 132 / 21 
CJB--~~2~-2~ 
CJB 132 / 23 
CJB - 132 /-21, 
BKS 132 / 21 
CJB--- 132 / 21 
CJB 132 / 23 

---CJB----432 / 21 
CJB 132 / 22 
CJB 132 / 21 
CJB 132 / 21 
-CJB 132 / 21 
CJB 132 / 21 

- CJB----132-/ 21-
CJB 132 / 21 
CJB 132 / 21 
CJB 132 / 21 
CJB 132 / 23 
CJB 132 / 23 

- -23-
CJB 132 / 23 
CJD 132 / 23 

----CJB-- 132-4-21 
CJB 132 / 23 

. _ 

• 

- 

• • •• 

LAB NUMBER: 0102-0702B SAMFLE DESCRIPTION: OWC-8 CHEVRON -- ------- --- -
 INSTRUCTIONS: FILTERED IN FIELD 

I 

I 0 ARSENIC 0.005 MG/L BTF 131 / 51 
CADMIUM 0.0010 MG/L - - RCR - 130 / 196 
COPPER 0.0028 MG/L RCR 130 / 200 
ZINC 0..059 ----MGti------- - ----FiC1r-~~0-~i-0~ 
--CONCLUSION--LAB NUMBER: 8102-0702B 

_ - 

- - _ 
1 LAD NUMBER: 8102-0702C SAMPLE DESCRIPTION: OWC-8 CHEVRON 

SI ECIAL INSTRUCTIONS: NO FREP - 

ALKALINITY. TOTAL - 360 MG/L. AS CAC03 
... CALCIUM. BY EDTA TITRATION 146 MG/L 

CHLORIDE 120 MG/L 
FLUORIDE 0.21 MG/L 
IRON, TOTAL 0.21 --- 4,1G/L 
MAGNESIUM 26 MG/L 
MANGANESE 0.10 MG/L 
NITRATE 0.2 MG/L AS U 
ORTHOPHOSPHATE ND(0.05) MEWL AS r 
PH 6.60 
POTASSIUM 3.0 MG/L 
SILICON 14 MC/L 
SODIUM Z4 MC/L 
SP 1350 ECIFIC CONDUCTANCE UMHOS,CH 
SULFATE 95 MG/L 
TOTAL ORGANIC CARBON 7.5 MG/L 
--CONCLUSION--LAR NUMDER: 8102-0702C - --- ------

BLD - -47 91-
CJA 02 / 32 
BLD - 108 / 35 
CJA 25 / 94 

- -RCR -1304.106 
RCR 130 / 190 
RCR - 130./ 186 
CJA 109 / 32 
BLD 128-/ 9 
LKN 83 / 76 

----FtCR- --130~-1E8 
RCR 130 / 190 
RCR 130 /-180 
MJB 124 / 10 
BLD 95 / 37 
GMD 85 / 69 

* Groundwater samples for metals analysis were filtered (0.45/0membrane) 

and acid preserved in the field. 



TABLE F-7 
CHEMICAL ANALYSES 

Observation Well: OWC - 

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2-26- 81 

S81-5 
Page  2  of  2  

Sampled by: 
Woodward-.Clyde Consultants 
PS, PB, CH 

Date Sampled: 2- 24- 81 - 

Time Sampled: 13.10 

8 

-STANDART,  CHEMICAL-UATER-ANALYRIG--

- DATE4-- 13 MARCH 1901 

LABORATORY FILE 81-9524- - 
LABORATORY NO.: 8102-0702C 

--GAMP4,E---RF.CF4V-EP FZI4r"tArY 1"1  

--LABORATORY 
CATIONS 

CALCIUM 
IRON 
MAGNESIUM 
MANGANESE 
POTASSIUM 
SODIUM 

  
ANALYSIS 

   
CAi2 MG/L 
rCf'L- ~J.SJ1. 
H5+2 MG/L 
MN+2 -•-MG/L- • 
K +1 MG/L 
NA+1 -MG/L ---

 
146.00 

-~--Y .  ~    
26.00 

- - 
3.00 

54.40    

ANIONS 

BICARBONATE HCO3-1 MG/L 438.87 
CARBONATE C03 -2 MG/L 0.4-8 
CHLORIDE CL -1 MG/L 120.00 

- FLUORIDE _ - ~---3- -~fGr~ 0,21_ 
HYDROXIDE OH -1 MG/L 0.00 
NITRATE NO3--4- MG/L 4,439 
PHOSPHATE P04 -3 MG/L 0.00 
SULFATE S04 -2---MG/L -95,40 
SILICATE SI04-4 MC/L 0.03 

SILICA SIO2 MG/L 29.96 
TOTAL FREE CARBON DIOXIPE - --C02- MGAL 392.90 
EQUILIBRIUM CARBON DIOXIDE C02 MG/L 141.34 
TOTAL DISSOLVED SOLIDS- --(CALC) - 
TOTAL ALKALINITY AS 
CALCIUM ALKALINITY AS 
MicONESIUM ALKALINITY AS 

- -MG/L 
CAC03 MG/L 
-.77AC-03--MGAL_ 
CAC03 MG/L  

-907.33 
359.94 
 359-.94 
0.00 

SODIUM ALKALINITY AS -CAC-03.-AGAL 0.40 
TCTilL rnrrNEss AS CAC03 MG/L 471.21 
CALCIUM HARDNESS • AS -CAC03--MG/L- -365.00 
MAGN:SIUM HARDNESS AS CACO7 MC/L 106.86 
NON-CARNATE HARDNFS -- - .t.". ,7..4:7,077 MG-/-.L -111...'" 
C,;..CIU KON-CAFKLYI77 ("RBP:SS MC/L 5.06 
MAC.NESI. NON-C:Z.::::,::AT: ::,',7:DNESC - MC/L 104.86._____ 
I-. PH UNITS 6.60 
E0jILTDRION PH (VHS) ;"'H - UNITS- - ..Z.47. - 
STAPILITY INDEX rH LIATS 7.13 
5ATORATTON-L4DL- X Z-4.  --U:4ITC -0.-22  
TEMFERTURE B:07.1C5 60.00 
CONDUt-,TII)ITY, HEA7-4;W:1; li;R.7.;;;;OS/C.M 4-350.40  
7:rIc S77.:NGTH ('TLAR) 0.0179 
iCi BALA:4C.E ERROR (FERCENT-) BY •CC4CENTPATION -2.96 

* Groundwater samples for metals analysis were filtered (0.45,0membrane) 
and acid preserved in the field. 

-  

-  



s8I-5 
TABLE  F-8 Page  I  of 2 
CHEMICAL ANALYSES 

Observation Well: OWC -  9  

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2-  2.7-81 

Sampled by: 
Woodward-tlyde 
PS, PB, CH 

Date Sampled: 

Time Sampled: 

Consultants 

2- 26-81 

10,10   

- - 
• I ANALYSIS CONCENTRATION UNITS ANALYST BOOK/PAGE 

I 
LAB NUMBER: 8102 0762A SAMPLE DESCRIFTiON: OWC-9 _ . . _ - 

SPECIAL INSTRUCTIONS: NO PREP 

DATE SAMPLED 2/26/01 
TIME SAMPLED - 1045 
ALKALINITY, TOTAL MG/Lr AS CAC03 
CALCIUMr BY EDTA TITRATION 72 MG/L-
CHLORIDE 7 MG/L 
FLUORIDE 0-.52 - ---- t4GJ~  --- 
IRONr TOTAL MG/L 
MAGNESIUM MG/L -- - - 
MANGANESE MG/L 
NITRATE 1.4 •MG/L AS N 
ORTHOFHOSPHATE ND(0.05) MG/L AS P 
PH 6.95 

/ 
- I --. 

/ 
--•--CJA----82- /.32-

BLD 108 / 35 
-- -G..JA 2~---;-9~

--/ - 
/ 

CJA - -109 / 32-
BLD 128 / 9 

.1..-1424 -83- /-78-

, 

POTASSIUM 
SILICON 
SODIUM • 

SPECIFIC CONDUCTANCE 
SULFATE 
TOTAL CRGANIC CARBGN  

MG/L 
MG/L 
MG/L 

691 UMHOS/CM 
MG/L 

2.2 - -•MG/L. 

/ 
-/ _ • 
/ 

:1JD -124 / •11 
/ 

GM14 
--CONCLUSION-L-LAB NUMBER: 010L-0702A 

LAB NUMBER: 0102-0702D Si,MF,.E DESCRIPTION: OWC-9 
SFECIAL INSTRUCTIONS: FIITER -GLASS-FIBER - - - - 

UG/L CJB 132 / 21 
--UG/L _ - ---GdB— -~3?-,/-21 

ALDRIN 
CHLORDANE 
4,4-DDD 
4,4-DDE 
4,4-DDT 
DIELDRIN 
ENDRIN 
HEPTACHLOR 
MALATHION • 

I SEVIN 
f r 214,5-T 

TOXAPHENE 
PCB 
LINDANE 
METHOXYCHLOR 
2,4-0 
MIREX 
CAFTAN 
DIFOLATAN 
CHLOROBENZILATE 
GUTHION 
DIAZINON 

i PARATHION, METHYL 
PARATHION, ETHYL 
TRITHION 
PHOSUFtIN (MEVINPHOS) 
--CONCLUSIDN--LAL NUMBER: 

0.26 
-ND(1.0) 
1.08 UG/L 
0.22 - UG/L 
0.53 UG/L 
0.55 UG/L - 
ND(0.40) UG/L 
ND(0.10) -UG/L - 
ND(2.0) UG/L 
NOT ANAL. . UG/L 
ND(0.1) UG/L 
ND(10.0) . UG/L - 
ND(10.0) UG/L 
-0.82--- -.-UG/L-
ND(0.8) UG/L 
ND(1.0) UG/L 
ND(0.5) UG/L 
ND(0.20) -UG/L - 
ND(20) UG/L 

- ND<-0.30)----i1G/L -._...__. 
ND(100) UG/L 
ND(0.5) UG/L 
ND(2.0) UG/L 
ND(0.5) UG/L 
NOT ANAL. UG/L 
ND(2.0) UG/L - - 

8102-0782B 

CJB 132 / 21 
CJB- - 132- / 21 
CJB 132 / 21 
CJB - 1-32-/ -21 
BKS 132 / 21 

----CJB 132 1-21-
CJB 132 / 23 

. CJB— 132-/-21 
CJB 132 / 22 

--CJB --.132-/-21 
CJB 132 / 21 

----Cda 1a-2—/- 21-__ 
CJB 132 / 21 
CJB - 132 / 21. 
CJB 132 / 21 

-- CJB- - 132 / -21 
CJB 132 / 21 - ----CJB 132—A-2t—
CJB 132 / 23 
CJB 132 1 23 
CJB 132 / 23 
CJB 132 /-23 
CJB 132 / 21 - ---EJB -- -432-1.-23 

( 

LAB NUMZER: 9102-0782C SAMPLE DESCRIPTION: OWC-9 
SF'ECIAL INSTRUCTIOOS: FILTERED IN FIELD -- - 

ARSENIC 0.005 MG/L • BTF 131 / 54 
CADMIUM ND(0.0005) MG/L BTF 131 / 57 
COFPER 0.0015 MG/L BTF 131 / 56 
ZINC 0.04 MG/L FTF 131 / 53 
--CONCLUS.10:.--LAD NUMBER: 8102-0782C 

* Groundwater samples for metals analysis were filtered (0.45/1  membrane) 
and acid preserved in the field. 



TABLE  F-8  
s81-5 
Page 2  of 2 

CHEMICAL ANALYSES 

Observation Well: OWC -  

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2 - 27- 81  

Sampled by: 
Woodward-tlyde Consultants 
PS, PB, CH 

Date Sampled: 2- 26- 81 

Time Sampled: 10210 

STANDARD -CHEMICAL - WATER ANALYSIS_ 

DATE: 03/13/01 

LABORATORY FILE NO.1 01-952t 
LABORATORY NO.: 8102-0782A 

---SAMRLE-RECEIVED-a2/'7/81  

- - 

CATIONS 

CALCIUM 
IRON -• 
MAGNESIUM 
MANGANESE 
POTASSIUM 
SODIUM 

CA+2 MG/L 
FE-12 41G/L - 
MG+2 MG/L 
MNi2 MG/L - 
K +1 MG/L 
NA+1 MG/L - 

LABORATORY 
ANALYSIS 

72.00 
0.-04 

20.90 
0.58 
1.10 

- 35.00-

 

 

- 

ANIONS 
-- - 

HICARItONATE HCO3-1 MG/L 
CARBONATE CO3 -2 MG/L --
CHLORIDE CL -1 MG/L 
FLUORIDE f -•-1 MG/L- --

 OH -1 MG/L 
NITRATE N03 -1 MG/L 
PHOSPHATE PO4 -3 MG/L 
SULFATE S04 -2 MG/L 
SILICATE SI04-4 MG/L 
- -- • 
SILICA SI02 MG/L 12.84 
TOTAL FREE CARBON IiIOXIDE C02 MG/L 136.65. 
EQUILIBRIUM CARBON DIOXIDE C02 MG/L 52.86 
TOTAL DISSOLVED SOLIDS (CALC) MC/L 550.92 
TOTAL ALKALINITY AS CAC03 MG/L 299.95 

-- CALCIUM ALKALINITY-- • -- AS -CAC03--MG/L 400-00--
MAGNESIUM ALKALINITY AS CAC03 MG/L 85.90 
SCUIUM ALKALINITY AS CAC03 MG/L 
TOTAL HARDNESS AS CAC03 MG/L 
CALCIUM FIARUNESS AS CAC03 MG/L 
MAGNESIUM HAFiLNESS AS CAC03 M3/L 
NON-CARBONATE HARDNESS - AS CAC03 MG/L-
CALCIUM NON-CARDONATE HARDNESS MG/L 
MAGNESIUM NON Ct,;,:DONATE HARDNESS MG/L 
PH PH UNITS 
EQUILIBRIUM PH (VHS) PH UNITS 
STABILITY INDEX PH UNITS - SATCRATION INSEX - • ----PH UNITS-
TEMVERATURE IEGREES FAHRENHEIT 
CONDUCTIVITY. :ZASURLD MIGROMHOC/CM 
IONIC STRENGTH (MOLAR) 
ION LALANCE ERROR (ILkCENT) L'Y CONCENTRATION 

* Groundwater samples for metals analysis were filtered (0.45/0membrane) 
and acid preserved in the field. 

- - 

- 

- 

- 
365.46 

0.27 - 
7.00 

-0  _T.2  
0.00 
6.20 - 
0.00 

35.00 - - 
0.03 

- 

34.35 
265.60 
100.00 
85.90 
0.00_ 
0.00 
0.00 
6.95 
7.23 
7.50 

_ 28_ 
68.00 

691.00 
0.0100 
-1.21 



tABORATORY-
ANALYSIS 

- - 

CA+2 
FE42 

MN+2 
M +1 

-NA+1 

- 

- - 
- . 

- - , 

- 

MG/L 
4401-L-
MG/L 
MG/L. .. 
MG/L 
.MG/L 

232.00 
--0-.r0 
42.90 
1.30 
1.20 

S2.00 ---

CATIONS 

CALCIUM 
-IRON - 
MAGNESIUM 
MANGANESE 
POTASSIUM 
SOIiIUM - 

TABLE  F-12 
581-5 
Page  2  of     

CHEMICAL ANALYSES 

Observation Well: OWC - 13    

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2- 27-81  

Sampled by: 
Woodward-.Clyde Consultants 
PS, PB, CH 

Date Sampled: 2-25-81 

Time Sampled: 13.00 

- STANDARD-CHEMICAL WATER ANALYSIS-

DATE: 03/12/81 

LABORATORY FILE NO.: 01-9521 
LAFORATORY NO.: 8102-0704D 

R.E OE I-VED 02-/ :27/81  

                   
 

ANIONS 
                 

 BICARBONATE HCO3-1 MG/L 
CARBONATE C03 MG/L-
CHLORIDE CL -1 MG/L 
FLUORIDE- F---=1--MG/L 
HYDkOXILE OH -1 MG/L 
NITRATE N03 -1 MG/L - 

PHOSPHATE P04 -3 MG/L 
SULFATE - SO4 -2 MG/L-- 
SILICATE SI04-4 MG/L 

       219.50 
- 0.06 
232.00 

-0-1 A-

 
- 

- - 
        

- 
           

- . 
       

0.00 
0.00---- ----

 
200.00 - - - -

 

- _ . 
 

        

- - 
                     

MG/L 23.54 
MG/L . 367.19 
MG/L 53.14 
MG/L 1001,06 
MG/L 179.96 
MG/L- _- - -179. Q6  

SILICA SIO2 
TOTAL FREE CARBON LIOXIGE C02 
EOUILIDRIUM CARBON DIOXIDE C02 
TOTAL UISSOLVEU SOLIDS •4CALC) - 

TOTAL ALKALINITY AS CAC03 
CALCIUM ALKALINITY AS .CACC3 
MAGNESIUM ALKALINITY AS CAC03 MG/L 
SODIUM ALKALINITY AS CAC03 MG/L 
TOTAL HARDNESS AS CAC03 MG/L 
CALCIUM IlARUNESS AS CAC03 MG/L 
MAGNESIUM HARDNESS AS CAC03 MG/L 
NON-CARLONATE HARDNESS-- - AS CAC03 _MG/L 
CALCIUM NON-CAREONATE hARDNESS MG/L 
MAGNESIUM NON-CARBONATE HARDNESS MG/L 
PH PH UNITS 
COUILIBIUM PH (PHS) PH UNITS 
STADILITY INDEX PH UNITS 
SATURATION INDEX --PH -UNITS 
TEMFERATURE UEGREES FAHRENHEIT 
CONDUCTIVITY. MEASURED MICRCMHOS/CM 
IONIC STRENGTH (MOLAR) 
ION BALANCE ERROR (PEKCENT) ACTIVITY CCRRECTED 

- 
•- 

- - 

- 

0.00 
- 0.00 
755.29 
580.00 
176.32 
_57-5,33 _ 
400.04 
176.32 
6.35 
6.98 - 
7.61 

-- --=D.b3-- _ 
68.00 

1560.00_-
0.0255 
-1.28. 

- 
- - 

* Groundwater samples for metals analysis were filtered (0.45/1  membrane) 
and acid preserved in the field. 



TABLE F-13 
s81-5 
Page I of 2 

CHEMICAL ANALYSES 

Observation Well: OWC - I 4 

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2-27-81  

Sampled by: 
Woodward-tlyde 
PS, PB, CH 

Date Sampled: 

Time Sampled: 15 130 

ConsUltants 

2-25-81 

ANALYSIS CONCENTRATION UNITS ANALYST BOOK/PAGE 

LAB NUMBER: 8102-0785A SAMPLE DESCRIPTION: OWC-14 
1 SPECIAL INSTRUCTIONS: NO rREP 

DATE SAMPLED 
TIME SAMPLED 
ALKALINITY, TOTAL 
CALCIUM, BY ELTA TITRATION 
CHLORIDE 
FLUORIUE 
IRON, TOTAL 
MAGNESIUM 
MANGANESE 
NITRATE 
ORTHOPHOSPHATE 
PH 
F'OTASSIUM 
SILICON 
SODIUM  

2/25/01 
1530 

MG/1_, AS CAC03 
104 MG/L 
74 MG/L 
0.165 MG/L 

MG/L 
MS/L. 
MG/L 

1.0 MS/L AS N 
0.10 MG/L AS P 
6.85 

MG/L 
MG/L 
MG/L  

/ 
_ .. /- 
/ 

CJA 82 / 32 
BLD 10C / 35 
CJA 25 / 94 

/ 
- 

/ 
CJA 109 / 32 
BLD 126 / 9 
LKN 63 / 78 

/ 
i 
/ 

SPECIFIC CONDUCTANCE 1050 
SULFATE 
TOTAL ORGANIC CARBON 5.6 
--CONCLUSION- LAD NUMDER: 8102--0785A 

UMHOS/CM 
MG/L - - 
MG/L 

MJB 124 / 11 
/-

GMD 85 / 69 

   - 
LAB NUMEER: 8102-0735B SA::PLE DESCRIPT4ON4 OWC-1-4 •• - 

SFECIAL INSTRUCTIONS: FILTER GLASS FIBER 
- 

ALDRIN 
CHLORDANE 
4,4-DDD 
4,4-DDE 
4,4-DDT 
DIELDRIN 
ENDRIN 
HEPTACHLOR 
MALATHION 
SEVIN 
2,4,5-7 
TOXAPHENE 
PCB 
LINDANE 
METHOXYCHLOR 
2,4-D 
MIREX 
CAPTAN 
DIFOLATAN 
CHLOROBENZILATE 
GUTHION 
DIAZINON 
PARATFJON, METHYL 
PARAT::ION, ETHYL 
TRITHION 
PHOSDRIN (MEVINPHOS) 
--CONCLUSION--LAD NUMBER: 

• 
0.88 UO/L 
ND(1.0) UG/L 
.50 UG/L 
N1140.20)- UG/L- - 
ND(0.30) UG/L 
0.69 • -UG/L 
ND(0.40) UG/L 
ND(0,10) UG/L 
ND(2.0) UG/L 
NOT ANAL.- -UG/L - 
ND(0.1) UG/L 
ND(10.0) UG/L 
NU(10.0) UG/L 
0.93 UG/L 
ND(0.6) UG/L 
NI:11.0) lIG/L - - 
ND(0.5) UG/L 
ND(0.20) UG/L 
N[7(20) UO/L 
ND(0.30) UG/L 
ND(100) UG/L 
ND(0.5) UO/L 
ND(2.0) UO/L 
NB(0.5) UG/L 
NOT ANAL. UG/L 
ND(2.0) UG/L 

8102-0785P 

CJB 132 / 21 
CJB - 432 / 21 
CJB 132 / 21 
CJB- ----4-32-/--2-1---
CJB 132 / 21 
CJB - 132,1  21 
PKS 132 / 21 

- - CJP 132 / 21-
CJB 132 / 23 

- - --132 ~--21--
CJR 132 / 22 

--CJB 432-1 21 
CJB 132 / 21 

•- CJB-•- 132 / 21 
CJB 132 / 21 - CJ[t.--- 132-< -21--
CJD 132 / 21 
CJD .132 / 21 
CJB 132 / 21 
C.A3 -132 / 21 
CJIj 132 / 23 - - - - -C.)F:---332-~ 23 
CJB 132 / 23 
CJG- -132 /-23 
CJB 132 / 21 
CJB- 132 / 23 

- 

_ - 
t 

LAB NUMBER: 8102-0785C SAMF'LE DESCRIPTION: OWC-14 
srLclAL INSTRUCTIONS: FILTEBED IN FIELD 

ARSENIC 
CALMIUM 
COPPER 
ZINC 
--CONCLUSION--LAB 

0.000 
0.0018 
0.020 
0.00 

NUMBER: 8102-0785C 

MG/l 
MG/L. 
MG/L 
MG/L 

PTF- 131 / 54 
BTF 131 / 57 

-BTF 1-31 /-56 
FITE 131 / 53 

     

* Groundwater samples for metals analysis were filtered (0.45r( membrane) 

and acid preserved in the field. 



TABLE F-13 
CHEMICAL ANALYSES 

Observation Well: 

581-5 
Page 2 of 2 

OWC - I 4 

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2 - 27- 81  

Sampled by: 
Woodward-tlyde Consultants 
PS, PB, CH 

Date Sampled: 2- 25- 81 

Time Sampled: 15:30 

STANDARD CHEMICAL -WATER ANALYSIS 

UATC: 03/13/61 

LABORATORY TILE NO.: 81-9521_ 
LABORATORY NO.: 0102-0785A 

__SAMPL-E-RECEIVED_G2/Z21p1 

CATIONS 
LABORATORY 
ANALYSIS - - 

- - 

CALCIUM CA+2 
-IRON• FE-4.2 
MAGNESIUM MG+2 
MANGANESE MN+2 
POTASSIUM K +1 
SODIUM NA+1  

MG/L 
44641. _ 
MG/L 
MG/L - 
MG/L 
MG/L -.- - - -  

104.00 
-0.-08-
25.10 
0.00_ _ 
2.10 

_56.00 - 

- 
- 
- 

ANIONS 
-- • 
BICARBONATE HCO3-1 MG/L 
CARBONATE C03 -2 MG/L - 
CHLORIDE CL -1 MG/L 
_FLUORIDE F -1---t70JL-- 
HYDROXIDE OH -1 MG/L 
NITRATE • NO3 -1 MO/L-
PHOSPHATE P04 -3 MG/L 
SULFATE S04 -2 MG/L 
SILICATE SI04-4 MG/L 

SILICA SIO2 
TOTAL FREE CARBON UIOXIUE. -- C02. 
EOUILII+RIUM CARBON DIOXIDE C02 
TOTAL UISSOLVEIi SOLIDS (CALC)- 
TOTAL ALKALINITY AS CAC03 
CALCIUM ALKALINITY .-AS. •CAC03 
MAGNESIUM ALNALINITY AS CAC03 
UlUIUM ALKALINITY AS CAC03 
TOTAL HARDNESS AS CAC03 
CALCIUM HAFUNESS AS CAC03 
MAGNESIUM HARDNESS AS CAC03 
NON-CARLONATE HARDNESS -AS CAC03 
CALCIUM NON-CARBONATE HARDNESS 
MAGNESIUM tJON-CARBONATE HARDNESS 
PH PH UNITS 
EQUILIBRIUM PH (PHS) PH UtJITS 
STABILITY INDEX PH UNITS 
SATURATION INDEX -_ - PH _UNITS 
TEMFERATURE LEGF.'EES FAHRENHEIT 
CONDUCTIVITY, MEASURED MICRCMHCS/CM 
IONIC STRENGTH (MOLAR) 
ION EALANCE ERROR (PERCENT) BY CONCENTRATION 

365.48 
0.25-
74.00 

-1?.17__ 
- 

- 

MG/L 
MG/L. 
MG/L 
MG/L 
MG/L 
MG/L-
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MS/L 

- 0.00 
4.43 - --.... 

0.31 
100.00 - 
0.04 

27.62 
179.56. -- 
72.00 
755.76 _ - 
299.92 
240.6_0  
39.92 
0.00 _ -. . 

362.72 
260.00 - 
103.16 

- -b~.~30-------  
0.00 
63.24 
6.85 
7.08 
7.32 
-0.'3__  
68.00 

1050.00 _ . 
0.0147 
-2.11 _ 

- 
- 

- - - 

* Groundwater samples for metals analysis were filtered (0.45romembrane) 
and acid preserved in the field. 



581-5 
TABLE F-I4 Page of 2  
CHEMICAL ANALYSES 

Observation Well: - 15_ 
Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2- 27- 81  

Sampled by: 
Woodward-.Clyde Consultants 
PS, PB, CH 

Date Sampled: 2- 25- 81  

Time Sampled: 14145 

ANALYSIS CONCENTRATION UNITS ANALYST BOOK/PAGE 

LAB NUMBER: 8102-0786A SAMF'LE DESCRIPTION: OWC-15 - 
SPECIAL INSTRUCTIONS: NO PREP ---------------

/ 
- -/ _ -

/ 
CJA -82 / 32 
BLD 108 / 35 

- --CJA --- -25 -4 94-
/ 
/ 
/ 

CJA 109 / 32 
BLD 128 / 9 
LKN -83 -1-78 

/ 
/ 

MJB 124 / 11 
/ 

OMB- 415 i 49 

. - - 
2/25/81 
1445 

- 
LATE SAMPLED 
TIME SAMPLED 
ALKALINITY, TOTAL 
CALCIUM, BY EDTA TITRATION 39 
CHLORIDE 28.5 
FLUORIDE 0.145 
IRON, TOTAL 
MAGNESIUM 
MANGANESE 
NITRATE 1.9 
ORTHOPHOSPHATE 0.07 
PH 6.60 
POTASSIUM 
SILICON 
SODIUM 
SPECIFIC CONUUCTANCE 411 
SULFATE 
TOTAL ORGANIC CAF'£iGN 1.9 
--CONCLUSION--LAB NUMBER: 010:-0786A 

MG/Lr AS CAC03 
MG/L - -
MG/L 
MG/L -..-- 
MG/L 
MG/L 
MG/L 
MG/L. AS N 
MG/L AS P 

MG/L 
MG/L 
MG/L 
UMHOS/CM 
MG/L 
MG/L 

i 

LAB NUMBER: 8102-0786D SAMPLE LESCRIF'TION: OWC-4.5 
SPECIAL INSTRUCTIONS: FILTER GLASS FIBER - - 

ALDRIN 
CHLORUANE 
4.4-DDD 
404-DDE 
4,4-DDT 
DIELDRIN 
ENDRIN 
HEPTACHLOR 
MALATHION 
SEVIN 
2,4,5-T 
TOXAPHENE 
rcB 
LINDANE 
METHOXYCHLOR 
2,4-D 
MIREX 
CAPTAN 
DIFOLATAN 
CHLORODENZILATE 
GUTHION 
DIAZINON 
PARATHION, METHYL 
PARATHIONr ETHYL 
TRITHION 
PHOSDRIN (MEVINMOS) 
--CONCLUSION--LAB NUMDER:  

NL(0.12) UG/L 
ND(1.0) - UG/L - 
ND(0.20) UG/L 
ND(0.20) UG/L 
ND(0.30) UG/L 
0.21 UG/L 
ND(0.40) UG/L 
ND(0.10)---UG/L- 
ND(2.0) UG/L 
NOT ANAL. UG/L 
ND(0.1) UG/L 
ND(10.0) UG/L 
ND(10.0) UG/L 
0.23 - --UG/L 
ND(0.8) UG/L 
ND(1.0)- UG/L - 
ND(0.5) UG/L 
ND(0.20) UG/L 
ND(20) UG/L 
ND(0.30) UG/L - 
ND(100) UG/L 
ND(0.5) UG/L 
ND(2.0) UG/L 
ND(0.5) UG/L 
NOT ANAL. UG/L 
ND(2.0) UG/L 

8102-0784B 

CJB 132 / 21 
- -CJB -432-1-21 - 

CJB 132 / 21 
CJB 132 / 21-
CJB 132 / 21 
CJB - 132 / 2i 
BKS 132 / 21 
-CJB _ 132 ~?i--- 
CJB 132 / 23 
CJB - 432 /-21-
CJB 132 / 22 
CJB 132 V 21 
CJB 132 / 21 

—GJ
132 / 21 

CJB 132 / 21 
CJB 132 / 21 
CJB 432 /-21 
CJB 132 / 21 

--432-1-21-
CJB 132 / 23 
CJB--- -23 
CJB 132 / 23 
CJB - 132 -/ 23 
CJB 132 / 21 
CJB- - -132--~- 23 -

- 

- 

LAB NUtaER: 8102-C/786E SAMPLE DESCRIPTION: OUC--15 
SPECIAL INSTNOCTIC::S: ruTur:rn T. rrrt D 

ARSENIC ND(0.001; MC/L DIE" 131 /-54 
CADMIUM ND(0.0005) MG/L BTF 131 / 57 
COPPER 0.0020 MG/L DTP -131 / 56 
ZINC 0.03 MG/L BTF 131 / 53 
--CONCLUSION--LAI: NUMBER: 8102-0786C-

* Groundwater samples for metals analysis were filtered (0.45/imembrane) 

and acid preserved in the field. 



TABLE F-14  
CHEMICAL ANALYSES 

Observation Well: OWC -  I 5  

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2- 27- 81 

s81-5 
Page 2 of 2 

Sampled by: 
Woodward-tlyde Consultants 
PS, PB, CH 

Date Sampled: 2- 25- 81 

Time Sampled: 14:45 

STANDARD CHEMICAL WATER •ANALYSIS--

DATE: 03/12/81 

-LABORATORY-FILE NO.4 81-9521,, 
LABORATORY NO.: 8102-0786A 

--SAMPLE -R47CE-IWED-02-42-7/01  

- 

CATIONS 

CALCIUM 
-IRON-
MAGNESIUM 
MANGANESE 
F'OTASSIUM 
SODIUM 

CA+2 MG/L 
FE+2 -11G/L-- 
MG+2 MG/L 
MNI2 MG/L 
K +1 MG/L 
NA+1 MG/L-

- LABORATORY-
ANALYSIS 

39.00 
-0.A8 
12.40 
0.07, 
0.70 

- 12.00 

 

 

- 

 
        
 ANIONS       - 

LiICARBONATE HCO3-1 MG/L 79.21 
CARBONATE C03 -2 MG/L 0.02 - -- - 
CHLORIDE CL -1 MG/L 26.50 
FLUORIDE F -1- MG/L 0.14  
HYUROXIDE OH -1 MG/L 0.00 - NITRATE NO3 -1 MG/L 8.42 _ 
PHOSPHATE F'04 -3 MG/L 0.21 
SULFATE SO4 -2 MG/L - 60.00 - -. 
SILICATE SI04-4 MG/L 0.03 

SILICA 
TOTAL FREE CARBON DIOXIDE - 
EQUILIBRIUM CARBON DIOXIDE 
TOTAL DISSOLVED SOLIDS (CALC),. 
TOTAL ALKALINITY AS 
CALCIUM ALKALINITY AS 
MAGNESIUM ALKALINITY AS 
SODIUM ALKALINITY AS 
TOTAL HARDNESS AS 
CALCIUM IiARUNESS AS 
MAGNESIUM HARDNESS AS 
NON-CARBONATE HARDNESS - . AS 
CALCIUM NON-CARDONATE HARDNESS 
MAGNESIUM NON-CARBONATE HARDNESS 
F'H F'H UNITS 
EQUILIBRIUM F'H (F'HS) PH UNITS 
STABILITY INDEX PH UNITS 
SATURATION INDEX - ----PIA UNITS___-_ 
TEMPERATURE DEGREES FAHRENHEIT 
CONDUCTIVITY. MEASURED MICROMHOS/CM 
IONIC STRENGTH (MOLAR) 
ION DALANCE ERROR (PERCENT) BY CONCENTRATION 

34.24 
62.94 - 
1.44 

273.74- 
64.94 
-: 4 . 94- 
0.00 
0.00 

148.31 
97.50 
50.96 
_433.37 
32.56 
50.94 
6.60 
8.13 
9.46 

-=1.~3  
68.00 
411.00 
0.0056 
0.13 

- 

- - 

- - 

SIO2 MG/L 
C02 MG/L 
C02 MG/L 

MG/L - 
C- AC03 MG/L 
CACC3 MG/L -- 
CAC03 MG/L 
CAC03 MG/L 
CAC03 MG/L 
CAC03 MG/L 
CAC03 MC/L 
-OAC03 - MG/L 

MG/L 
MG/L 

• 

- 

* Groundwater samples for metals analysis were filtered (0.45/t membrane) 

and acid preserved in the field. 
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WILSON LABORATORIES 
ANALYTICAL & RESEARCH CHEMISTS & BIOLOGISTS 
A DIVISION OF WILSON & COMPANY, ENGINEERS & ARCHITECTS 

528 NORTH NINTH • SALINA, KANSAS 67401 • LAB: (913) 825-7186 OFFICE: (913) 827-0433 

13 March 1981 

Dr. J. D. Campbell 
Woodward-Clyde Consultants 
5055 Antioch Road 
Overland Park, KS 66203 

Re: Wilson Laboratories File No. 81-9521 

Dear Dr. Campbell: 

Enclosed are the results of the analyses of the Chevron soil and water samples. 
The organic analyses were performed in accordance with EPA procedures published 
in the Federal Register, Volume 38, No. 75, Pt. II.; all other analyses were 
performed in accordance with EPA procedures published in the Federal Register, 
Volume 44, No. 233, Monday, 23 December 1979, pages 69568 through 69573. Samples 
for heavy metals analyses were filtered in the field through a 0.45 micron filter. 
Samples for organic analyses were filtered through a glass fiber filter of appro-
ximately 1 micron pore size prior to analyses. 

Analyses for Kelthane, Sevin and Trithion have not been performed. 

Kelthane did not elute properly from the gas chromatograph and could not be 
analyzed in the samples. 

It was anticipated that Sevin could be analyzed with the organophosphorus pesti-
cides on the nitrogen/phosphorus gas chromatograph detector. However, analyses 
of the samples indicated that interferences were present, which precluded use of 
the nitrogen/phosphorus detector for the organophosphorus compounds. The samples 
were then analyzed with the highly selective flame photometric detector operated 
in the phosphorus mode. Using this mode of operation, six phosphorus containing 
compounds were analyzed but Sevin could not be detected because the detector is 
not sensitive to nitrogen containing compounds. 

A standard has been ordered for Trithion but has not been received. The extracts 
can be re-analyzed for Trithion upon receipt of the standard, however, no un-
identified peaks were observed in the analyses of the organophosphorus pesticides 
indicating that Trithion was not present. 

Lindane and Aldrin results on sample OWC-13 were confirmed by analyses of the 
extract by capillary gas chromatography with Hall electrolytic conductivity de-
tection operated in the halogen mode. 

- continued - 



13 March 1981 
Dr. J. D. Campbell 
Page 2 

The most frequently observed pesticide was Lindane, the gamma isomer of hexa-
chlorocyclohexane. In samples OWC-7 and OWC-13 the concentration was approxi-
mately 2 mg/1. The Handbook of Environmental Data on Organic Chemicals by 
Karl Verschaeren published by Van Nostrand and Reinholt in 1977 states that 
the water solubility of Lindane is 10 mg/1. 

The drinking water limits for parameters of interest are tabulated below: 

Arsenic 0.05 mg/1 
Cadmium 0.010 mg/1 
Copper 1.0 mg/1 (Secondary Standard) 
Zinc 5.0 mg/1 (Secondary Standard) 
Endrin 0.2 ug/1 
Lindane 4.0 ug/1 
Methoxychlor 100 ug/1 
Toxaphene 5.0 ug/1 
2,4-D 100 ug/1 

Gas chromatography/mass spectrophotometry analyses can be performed on a highly 
contaminated sample to confirm the identifications of this preliminary analysis 
and to obtain qualitative identification of unidentified peaks. An alternative 
procedure to GC/MS analysis is proposed for confirmation of the organochlorine 
pesticides and herbicides. This procedure involves further concentration of 
the extracts, followed by analysis utilizing a different gas chromatograph 
column and detection system. This procedure is preferable to GC/MS analysis 
for two reasons. 

1) Approximately 4 weeks would be required for GC/MS analysis at a cost of 
approximately $500 per sample. 

2) In our recent conversation with the GC/MS lab we encountered reluctance 
to perform any special preparations, or analysis for compounds other 
than those Priority Pollutants routinely analyzed. 

Since we are interested in specific types of compounds, the class - specific GC 
analyses will be of better use and will provide the information we need. The 
GC/MS lab does not perform GC/MS scans for herbicide compounds, since these are 
not classed as Priority Pollutants. 

This proposed re-analysis procedure would be performed by Wilson Laboratories 
using extracts already prepared and would require less than two weeks at a cost 
of $150 per sample. Identified Priority Pollutants will be confirmed. Uniden-
tified peaks of significance would be tentatively identified by published GC 
retention data followed by analyses of the actual compound under identical con-
ditions as the samples. 

A write-up of procedures, methodology and experimental retionale will be provided 
to you for use in your report with the confirmatory analyses reports. 

WILSON LABORATORIES 

Ut'A 
Cli ord J. Baker 
Chemist 

jh  
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WILSON LABORATORIES 
ANALYTICAL & RESEARCH CHEMISTS & BIOLOGISTS 
A DIVISION OF WILSON & COMPANY, ENGINEERS & ARCHITECTS 

528 NORTH NINTH • SALINA, KANSAS 67401 • LAB: (913) 825-7186 OFFICE: (913) 827-0433 

26 March 1981 

Woodward-Clyde Consultants 
Attn: Dr. J. D. Campbell 
5055 Antioch Road 
Overland Park, KS 66203 

Re: Wilson Laboratories File No. 81-9521 

Dear Dr. Campbell: 

Wilson Laboratories has completed confirmatory analyses of selected Chevron samples 
for pesticides and herbicides. The analytical procedures and rationale for the 
procedures is discussed below. 

Organochlorine Pesticides Analyses  

The samples were analyzed in accordance with EPA Method 608, Organochlorine 
Pesticides and PCB's published in the Federal Register, Volume 44, No. 233, 
Monday, 23 December 1979. This procedure involves successive extractions of 
1 liter of sample at neutral pH, with dichloromethane followed by concentration 
of the dichloromethane, solvent exchange to hexane and re-concentration to a 
final volume of 10 ml. The hexane extract is then analyzed by packed column 
gas chromatography with electron capture detection. 

The electron capture detector is a highly sensitive detector, responding to 
picograms of halogenated pesticides. However, it is also highly sensitive to 
compounds such as phthalate esters and nitroaromatics which do not contain 
halogens and, therefore, is not selective. Because of this lack of selectivity 
the extracts from OWC-12, 13 and 14 were re-concentrated to a final volume of 
1.0 ml and analyzed by capillary gas chromatography with Hall electrolytic 
conductivity detection. This system was utilized for two reasons: 

1) Capillary chromatography provides greater resolving power than packed 
column chromatography enabling the separation of more sample components 
and consequently reducing the number of potential interferences. 

2) The electrolytic conductivity detector operated in the halogen mode is 
highly selective, responding only to halogenated compounds, but lacks 
the sensitivity of the electron capture detector. Due to the lower 
sensitivity the extracts were concentrated to 1.0 ml. 

- continued - 



26 March 1981 
Dr. J. D. Campbell 
Page 2 

Compounds detected by both procedures provides strong evidence that the peaks 
detected and quantitated in the initial analyses have been correctly identified. 
Results of the confirmatory analyses of the organochlorine pesticides are 
outlined below: 

1) A11 pesticides reported for OWC-12 have been confirmed. A11 pesticides 
except DDE and DDD have been confirmed for OWC-13. Since the confirma-
tory procedure detection limit is approximately 5 ug/1 the pesticides 
in OWC-14 could not be confirmed. 

2) The alpha and delta isomers of BHC were identified during the confirma-
tory analyses. These isomers were not quantitated, however, comparison 
with standards indicates that the concentrations are greater than 50 ug/1 
in OWC-12 and OWC-13. 

3) Kelthane was not previously analyzed because it did not elute properly 
from the gas chromatograph. Kelthane did elute properly from the con-
firmatory system and was not detected in the three samples at a detection 
limit of 5 ug/l. 

4) The major components in the samples have been identified. Several small 
peaks were detected in OWC-12 and OWC-13 but not identified since they 
represent relatively low levels of contamination. 

Phenoxy-Acid Herbicides Analyses  

The samples were analyzed in accordance with "Method for Chlorinated Phenoxy 
Acid Herbicides in Industrial Effluents" published in the Federal Register, 
Vol. 38, No. 75, Pt. II. This procedure involves extraction of the phenoxy 
acids from acidified water with diethyl ether followed by hydrolysis of the 
esters to acids. The extract is then solvent washed to remove pesticide in-
terferences. The acids are then re-extracted into an organic solvent and con-
verted to methyl esters. The extract is cleaned up by passing it through a 
micro-adsorption column and analyzed by gas chromatography with electron capture 
detection. 

For reasons outlined in the section discussing organochlorine pesticides two 
herbicide extracts, OWC-8 and OWC-11 were confirmed by capillary gas chroma-
tography analyses with Hall electrolytic conductivity detection. The results 
are outlined below: 

1) The herbicides 2,4-D and 2,4,5-T were confirmed in both samples. 

2) Silvex (2,4,5-TP) has been identified as a significant component in 
both samples. A quantitative standard was not available to determine 
approximate concentrations in the samples. 

3) Two peaks of significance were detected but not identified. Further 
research and analyses would be necessary to identify the peaks. 

- continued - 
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s81-5 
TABLE  F-9  ' Page 2 of 2 
CHEMICAL ANALYSES 

Observation Well: - 10 

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2- 26- 81  

Sampled by: 
Woodward-tlyde Consultants 
PS, PB, CH 

Date Sampled: 2-24-81 

Time Sampled: 14:15 

STANDARD -CHEM-MAI. -WATEPi-ANAL44.-IS-

DATE: 13 MARCH 1981 

LAHOFATORY-FILE-~JO.: - t31•=9.21- --- 
LABORATORY NO.: 8102-703C 

-SAMP-L-E---RE-CEZ:=-24  FEDNIAPY 1921  

- - - - ----- -LABORAT-ORq-
CATIONS ANALYSIS 

CALCIUM CA+2 MG/L 83.00 
•IRON • FE+2•---MG/L 1_43 
MAGNESIUM MG+2 MG/L 24.00 
MANGANESE - 3.00 
POTASSIUM K +1 MG/L 2.60 
SODIUM -- NA+ 1 -- - - ---~2-.8~-

ANIONS 
-- --

BICARBONATE HCO3-1 MG/L 
CARBONATE C03 -2 --MGIL-
CHLORIDE CL -1 MG/L 

- FLUORII~E - -f---- 1--P4G>~_ 
HYDROXIDE OH -1 MG/L 
NITRATE-- N03 -1- MG<-6- -

 PO4 -3 MG/L 
SULFATE- S04 -2 -MGAL,-
SILICATE SI04-4 MG/L 

            

    
323.04

--0~~'3 
• 112.00 

       

           

    
0.00 
0-00                   

    
0.46 

115.-00--
0.03 

     
         -  

SILICA SIO2 MG/L 34.24 
- TOTAL-FREE CARBON DIOXIT+E ZO2 MG/4_ 1-6V_57 

EOUILIBRIUM CARBON UIOXILIE C02 MG/L 44.81 
- TOTAL DISSOLVED SOLIDS--4CA6C4  ----MG/L —~a6.84 

AS CAC03 MG/L 264.93 
-AS-- -G-4043---KGA_ 207-.50 

MAGNESIUM ALKALINITY 
SODIUM ALKALINITY ------
TOTAL HARDNESS 
CALCIUM HARDNESS - 
MAGNESIUM HARDNESS 

AS CAC03 MG/L 57.41 
~,S ---CAC03--14G/~ ---- ..-.--D«00 _ 
AS CAC03 MG/L 305.80 

---•AS.-CAC03 207.50--
AS CAC03 MG/L 98.64 

 

 
NON-CARBONATE HARDNESS -A S--GAE,43-4G,I-L---40-.-U6_ 
CALCIUM. NON-CARBONATE HARDNESS MG/L 0.00 
MAGNESIUM NON-CARBONATE HARDNESS--------. MG/L 41-.24 ------ -- 
PH PH UNITS 6.62 
EQUILIBRIUM PH (rH3). -P11. UNITS_..._____. _ ._7-24.____ ___ 
ST(BILITY INDEX' PH UNITS 7.85 
SATURATION INDEX ••------------gH---.1.:NITS -1)-6.2__.  
TEMPERATURE DEGREES FAHRENHEIT 68.00 
CONDUCTIVITY, MEACURCD----MICROMHCS/CM.- 1080.09_-  
I0N1C STPENGTH (KOLAR) 0.0148 
ION LALANCE: ERROR (PERCENT) BY--ZZNCCNT-RATION --- 4.48.-- - 

• 

• 

* Groundwater samples for metals analysis were filtered (0.45/0membrane) 

and acid preserved in the field. 

- 

TOTAL ALKALINITY 
CALCIUM-ALKALINITY 



HYDROXIDE 
- NITRATE--

PHOSPHATE 
SULFATE-. 
SILICATE 

PO4 -3 
S04 -2 
SI04-4 

MG/L 
--44GAL-
MG/L 

0.46 
115,08--
0.03 

OH -1 MG/L 0.00 
- - - NO3 -1-- tIG-/--L- -0-.94 

581-5 
TABLE F-9 ' Page 2 of 2 
CHEMICAL ANALYSES 

Observation We11: OWC - 10    

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2- 26- 81  

Sampled by: 
Woodward-.Clyde Consultants 
PS, PB, CH 

Date Sampled: 

Time Sampled: 1 4:15 

2-2 4- 8I 

STANDARD -C,44EMISA1 -WA T-E-R-ANA-L-Y-SIS-

DATE: 13-MARCH 1981 

--81--9523- --
 NO.: 8102-703C 

SAMP4.-E -RECEIVED-26  FEDPHARY 1981 

-LABORATORY 
CATIONS 

CALCIUM 
IRON - 
MAGNESIUM 
MANGANESE 
POTASSIUM 
SODIUM - 

 
ANALYSIS 

  
CA+2 MG/L 
FE+2 ----MG/-L  
MG+2 MG/L 

- MG/L   
K +1 MG/L 
NA+1 - - MG/L - - 

83.00 
2,43 
24.00 
3.00 
2.60 

~32~84- 

- - - _ 

  

ANIONS 
           

I;ICARI+ONATE HCO3-1 MG/L 
CARBONATE •CO3 -2 -MGAL_ 
CHLORIDE CL -1 MG/L 

--- FLUORIDE - F 1-~4~~ 

     
323.04 

-0..4-3 
112.00 
0.20  

   

        

SILICA 
-- TOTAL -FREE CARBON DIOXIDE--

EQUILIBRIUM CARBON DIOXIDE 
TOTAL DISSOLVED SOLIDS--4CALC4 
TOTAL ALKALINITY  

S102 MG/L 
-C02 --MS/L 
C02 MG/L 
--MG/L  

34.24 
-,2-69.~? 
44.81 

-7-76.84  
264.93 AS CAC03 MG/L 

CALCIUM ALKALINITY 
MAGNESIUM ALKALINITY 
SODIUM ALKALINITY - - - 
TOTAL HftF:bNESS 
CALCIUM HARDNESS 
MAGNESIUM HARDNESS 
NON-CARBONATE HARDNESS  

AS- -GA-C-0.3-t4G,4_ 207-.S0 
AS CAC03 MG/L 57.41 

--AS -CAC03--MG/L 0.88 
AS CAC03 MG/L 305.80 

-- AS OA003-MGIL. 207.50--
AS CAC03 MG/L 98.64 

-AS  -GACC3 MS/L 40.86  
CALCIUM NON-CARDONATE HARDNESS MG/L 0.00 
MAGNESIUM NON-CARBONATE HARDNESS-- -----MG/1, 41,21 -  
PH PH UNITS 6.62 
EQUILIBRIUM F'H (pHs). - --PH -UNITS__ _7-24.___ ___. 
STrBILITY INDEX PH UNITS 7.85 
SATURATION INDEX -T44 -UNITS  -O-.62-
TEMEERATURE DEGREES FAHRENHEIT 68.00 
CONDUCTIVITY. MEASURED- -MICRD1COS/CM 1080,00 
IONIC STRENGTH (MOLA(t) 0.0148 
ION BALANCE C..ROR (PERCENT) BY ZONGENT-RATION -4.48 

* Groundwater samples for metals analysis were filtered (0.45/1 membrane) 
and acid preserved in the field. 



TABLE F—(0 
CHEMICAL ANALYSES 

Observation Well: 

s81-5 
Page I of 2 

owc-  11  

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2- 26 - 81  

Sampled by: . 
Woodward-Clyde Consultants 
PS, PB, CH 

Date Sampled: 2- 24- 81 

Time Sampled: 15,30 

- 
. . . ANALYSIS CONCENTRATION UNITS ANALYST BOOK/PAGE 

LAB NUMLER: 8102-0704A SAMPLE DESCRIPTION: OWC-11 CHEVRON 
SPECIAL INSTRUCTIONSI-FILTER-CLASS FIBER-

DATE SAMPLED 2/24/81 --------~ ---
TIME SAMPLED 15:30 / 
ALDRIN ND(0.12) UG/L -- CJB /.21-
CHLORDANE ND(1.0) UG/L CJA 132 / 21 
4,4-DDD 1.46 UG/L - CJP lag-,e-al--
4,4-DDE ND(0.20) UG/L CJB 132 / 21 
4,4-DDT 1.44 UG/L CJB 132 / 21 
TIELDRIN 17,3 -UG/L - _ _ --L ,JB-~az / 21  
ENDRIN 0.55 UG/L CJD 132 / 21 
HEPTACHLOR ND(0.10) -UG/L ---CJB- -132 I 21-
MALATHION 5.7 UG/L CJB 132 / 23 
SEVIN NOT ANAL. UG/L - -CJB--- -132-1 21-
2,4,5-7 18.8 UG/L CJB 132 / 22 
TOXAPHENE ND(10.0) -UG/L------ ---CdB :32~  -21 - 
PCB ND(10.0) UG/L CJB 132 / 21 
LINDANE 106 UG/L- - ----CJB----132-1-21-
METHOXYCHLOR ND(0.8) UG/L CJB 132 / 21 
2,4-D 2300 UG/L - - ~dB-;32 ~?1 . 
MIRO( ND(0.5) UG/L CJB 132 / 21 
CAPTAN ND(0.20) -UG/L - -- ;o'B--132-/-21--
DIFOLATAN ND(20) UG/L CJB 132 / 21 
CHLOROBENZILATE ND(0,30) UG/L - CJB---432-1-21-
GUTHION ND(100) UG/L CJB 132 / 23 
DIAZINON 11.1 UG/L - CJB ---132-/-23-

t PARATHION, METHYL 2.5 UG/L CJB 132 / 23 
PARATHION. ETHYL - NDIO.Sa--- -11G/~ --4-32-1-23-
TRITHION NOT ANAL. UG/L CJB 132 / 21 
PHOSDRIN (MEVINF'HOS) ND(2.0) UG/L CJB- -132 .' 23. 
--CONCLUSION--LAD NUMBER: 8102-0704A 

LAP NUMBER: 8102-0704B 
- - 

SAMFLE DESCRIPTION: OWC-11 CHEVRON 
SPECTtL INSTRUCTIONS: FILTERED IN FIELD  

ARETNIC 
: Jr 

CCT r ER 
ZINC 
--CONCLUSION- -LAD NUMBER: SIO2 

0.11 
0.0010 
0.0034 
0.041 

0704D 

MG/L. 
MG/L 
MS/1.-
MO/L 

FITE 131 / 51 
RCR 130 / 196 

----RCR- -130 -/-200 
RCR 130 / 192 

LAB NumpER: 8102-0704C SAMFLC DESCRIFTION: OWC-11 CHEVRON 
S'ECIAL INSTFUCTIONS: NO PREF 

 
 

I ALKALINITY, TOTAL 
CALCTUO, DY FDTA TITRATION 
CHLORIUE 
FLUORILE 
IRON. TOTAL 
MAGNESIUM 
MANGANESE 
NITRATE 
ORTHOP;10£F'HATE 
PH 
POTASSIUM 
SILICON 
SODIUM 
SPECIFIC CONDUCTANCE 
SULFATE 
TOTAL ORGANIC CARBON  

170 MG/L. AS CACO3 BLD 47 / 91 
130 • --- MG/L - - - ---•- -- CJA-82-l~2- 
264 MG/L BLD 108 / 35 
0.165 MG/L CJA -25- / 94 
0.11 MG/L RCR 130 / 186 
47 MG/L -RCR----130-/ 190 
2.17 MG/L RCR 130 / 186 
0.4- ••---MGAL-AS-N -CJA-1-09 -/-32- 

MG/L AS P BLD 128 / 9 
- ~KN — 83 -/ 76 

MG/L RCR 130 / 188 
MG/L- • RCR ----130 / 190 

65 MG/L RCR 130 / 188 
- - 1540-------UMHOS/CM MdB--134-l~i 

-2,6 14 MG/1_ 
125 MG/L 

GNP - -85 V -69-
BLD 95 / 38 

0.10 
6.50 - 
2.3 
16 

t 

1. 

( 

--CONCLUSION--LAB NUMBER: 8102-0704C 
- - 

* Groundwater samples for metals analysis were filtered (0.45,0membrane) 

and acid preserved in the field. 



169.94 
169.94  
0.00 
0.0a-. 

517.66 
325.00-
193.17 
347.72  
155.06 
193.17 
6.50 
-7.25 
8.00 

- - - - - 

- 

TABLE F-I0      s81-5     
     Page 2 of 2 

CHEMICAL ANALYSES 
   

        
Observation We11: QWC - I I        

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2- 26- 81 

Sampled by: 
Woodward-tlyde Consultants 
PS, PB, CH 

Date Sampled: 2- 24-81  

Time Sampled: 15,30                       

-STANDARII-GCMICAL  WATER-ANALYgIS 

ZATE-1- 13 MARCH-1701 

-LABORATORY-FILE -N0.1---31-9-52_1__ 
LABORATORY NO.: 8102-0704C 
_sAtimc zrrrTurp_L.34  rrEJNIAPY 19111 

LABORATORY 
CATIONS ANALYSIS 

CALCIUM CA+2 MG/L 130.00 
IRON - • - -FE+2 44C1,11 0  11 
MAGNESIUM MG+2 MG/L. 47.00 
MANGANESE MN+2 ---MG/L -2.17--
POTASSIUM K +1 MG/L 2.30 
SODIUM•-• NA+1.-----KG/L -45.00  

ANIONS 

BICARBONATE HCO3-1 MG/L 
CARBONATE- -C03 -MG/L 
CHLORIDE CL -1 MG/L 
FLUORII+E-- -. F- - -1 -~iGr~_ 
HYUROXIDE 
NITRATE --
PHOSPHATE 
SULFATE- --
SILICATE 

207.25 
-0.07-

264.00 
0.17  

OH -1 MG/L 
N03 MG/L - 
F'04 -3 MG/L 

- S04--2 ~4G!{-- -
SI04-4 MG/L 

   
0.00 
-1-. ~ 
0.31 

125.-00 
0.02 

     

---------      
     

SILICA 
TOTAL FREE CARBON DIOXIDE- - 
EQUILIBRIUM CARBON DIOXIPE 
TOTAL DISSOLVED SOLIDS---(CAL-C-4-- - 
TOTAL ALKALINITY AS 
CALCIUM ALKALINITY -- -; 
MAGNESIUM ALKALINITY AS 
SODIUM ALKALINITY AS 
TOTAL HARDNESS AS 
CALCIUM HARDNESS AS 
MAGNESIUM HARDNESS AS 
NON-CARBONATE HARDNESS - AS-
EnLcTurl NON CARDONATE HARDNESS 
NAGrEsIi NON-CARDONATE HARDNESS 
PH PH UNITS 
EQUILIBRIUM F'H (NIS) plA UNITS -- 
CTAPILITY INDEX F'H UNITS 
SATURATIGN INDEX - - ---J'i?-- ~Jt~IT i  
TEMPERATURE DEGREES FAHRENHEIT 
CONIL.CTIVITY. MEASURED MICROMHOS/GM-- 
IONIC STPENGTH (MOLAR) 
IGN IALANCE ERROR (PERCENT) BY CONCENTRATION 

SIO2 MG/L 34.24 
G02-- MG/L  236.89 
C02 MG/L 27.56 

-MG/L -87-6.44_ 
CAC03 MG/L 
CACOZ- -MGAL---
CAC03 MG/L 
CAC03 MG/L - 
CAC03 MG/L 
CAC03 MG/L. - 
CAC03 MG/L 
CAC03--MG/t---

MG/L 
MG/L 

68.00 
1540.00 - - - 
0.0199 
-0.65 - 

* Groundwater samples for metals analysis were filtered (0.45/0membrane) 
and acid preserved in the field. 



s81-5 
TABLE F-II Page 1 of 2 
CHEMICAL ANALYSES 

Observation We11: OWC - 12 

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2- 27- 81  

Sampled by: 
Woodward-tlyde Consultants 
PS, PB, CH 

Date Sampled: 2- 26- 81 - 

Time Sampled: (I=45 

a r ANALYSIS CONCENTRATION UNITS ANALYST BOOK/PAGE 

LAB NUMBER: 6102-0703A SAMPLE DESCRIPTION: OWC 12 
SPECIAL INSTRUCTIONS: NO PREP 

MG/L, AS CAC03 
MG/L 

- MG/L - --- - 
MG/L 
MG/L-
MG/L 
MG/L 
MG/L AS N 
MG/L-AS-P - -

DATE SAMPLED 
TIME SAMF'LEU 
ALKALINITY, TOTAL. 
CALCIUM, BY EDIA TITRATION 
CHLORIDE 
FLUORIDE 
IRON, TOTAL 
MAGNESIUM 
MANGANESE 
NITRATE 
ORTHOPHOSPHATE - 
PH 
POTASSIUM 
SILICON 
SODIUM - 
SPECIFIC CONDUCTANCE 
SULFATE _- 
TOTAL ORGANIC CARBON 
--CONCLUSION--LAB NUMBER:  

2/26/01 
1145 

88 
20 •- - 
0.34 

0.3 
0.05 
7.20 

-MG/L 
MG/L 

••- MG/L- --
859 UMHOS/CM 

- MG.4_ - 
5.5 MG/L 

6102-0783A - - --  -  

/ 
-/ 

CJA 82 / 32 
B6D- -I-08-i- 3 5-
CJA 25 / 94 

/-
/ 

-/-
CJA 109 / 32 

- -1 41.-D-4-28--/--9-
LKN 83 / 78 

/ 
/ - 

- - - - - - 

MJB 124 / 11 
/  

GMD 85 / 69 

- - - - 
LAB NUMBER: 8102-0703D SAMF'LE DFSCRIPTION4-0WC-12    

SPECIAL INSTRUCTIONS: FILTER GLASS FIBER 

ALDRIN 
CHLORDANE 
4,4-DDD 
4.4-DDE 
4,4-DDT 
I)lELDF,'IN 
ENDRIN 
HEPTACHLOR 
MALATHION 
SEVIN 
2,4,5-1 

17.7 UG/L 
ND(1.0) UG/L 
ND(0.20) UG/L 
NB(0.20)---1BW.L. 
4.6 UO/L 
7.8 - UG/L 
4.3 UG/L 
ND(0.10) UG/L 
223 UG/L 
-NOT ANAL.---UG/L-
1.2 UG/L 

- - 
CJB 132 / 21 
f..JA -- -132-/-21 
CJB 132 / 21 

- -C.JIt--1.?+.^-~~'1- 
CJB 132 / :1 
CJB - -132 / 21-
CJB 132 / 21 

_ CJB --i32--/--21 
CJB 132 / 23 
CJI+--332-~ -2d-- 
CJFI 132 / 22 

TOXAPHENE ND(10.0) UG/L 
PCB ND(10.0)-- UG/L 
LINDANE 417 UG/L 
METIIOXYCHLOR ND(6.0) • UG/L 
274-D ND(1.0) UG/L 
MIREX NU(0.J) UG/L 
CAPTAN ND(0.20) UG/L 
DIFOLATAN ND(20)- -UG/L 
CHLOROBENZILATE ND(0.30) UG/L 
GUTHION ND(100) UG/L 
DIAZINON 4.3 UG/L 
PARATHION, METHYL 10.9 UG/L 
PARATHION, ETHYL 53.2 UG/L 
TRITHION NOT ANAL. UG/L - 
PHOSDRIN (MEVINPHOS) ND(2.0) UG/L 
--CONCLUSION--LAB NUMBER: 8102-0703B 

CJB 132 / 21 
-CJB- - 

CJB 132 / 21 
CJB • - 132 / 21 
CJB 132 / 21 

-CJB 432 / 21 • 
CJB 132 / 21 

--CJD 132-1-21 
CJD 132 / 21 
CJB 132 / 23 
CJD 132 / 23 
CJB 132 /-23- 
CJB 132 / 23 
CJB --1~ 2-f- 21-- 
CJB 132 / 23 

- 

- 

- - 
LAD NUMBER: 8102-07C3C SAMPLE DESCRIPTION: ZWG=.42 

SPECIAL INSTRUCTIONS: FILTEREL IN FIELD 

ARSENIC ND(0.001) MG/L 
CADMIUM 0.0010 MG/L 
COPPER 0.0055 MG/L 
ZINC 0.03 MG/L 
--CONCLUSION--LAL NUMBER: 8102-0703C 

131 
- 13-1 

131 
- -131 

/ 54 
/ 57 
/ 56 
/-53 

BTF 
BTF 
BTF EIT 

* Groundwater samples for metals analysis were filtered (0.45/1  membrane) 
and acid preserved in the field. 



 s81-5  
TABLE F - 11  Page 2  of 2    
CHEMICAL ANALYSES 

Observation Well: OWC - 12    

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2- 27- 81  

Sampled by: 
Woodward-.Clyde Consultants 
PS, PB, CH 

Date Sampled: 2-  26- 81 

Time Sampled: 11:45 

STANDARD CHEMICAL WATER-ANALYSIS - 

DATE: 03/12/81 - 

- LABORATORY FILE NO.1 01-9521_ 
LABORATORY NO.: 8102-0783A 

--SAI4PLE-RECE-1-VE-D-02/27/01  

CATIONS 

CALCIUM 
-IRON - 
MAGNESIUM 
MANGANESE 
POTASSIUM 
SODIUM 

ANIONS  

CA+2 MG/L 
FE+2 -ING/L  
MG+2 MG/L 
MN+2 MG/L  
K +1 MG/L 
NA+1 MG/L --

LABORATORY - - 
ANALYSIS 

88.00 
-0.-1: -  
17.70 
-0.10 ---- - 
2.40 

- 36.00-- -- --

_ - 
- 

- 
- 

- 

- - - 
BICARRONATE HCO3-1 MG/L 
CARBONATE C03 -2- MG/L--- - 
CHLORIDE CL -1 MG/L 

- ----FLUORIDE f -1 -MG-/-1-
HYDROXIIiE OH -1 MG/L 

-NITRATE NO3 -1 MG/L - 
PHOSPHATE PO4 -3 MG/L 

-- SULFATE S04 -2 MG/L - 
SILICATE SI04-4 MG/L 

322.24 
----0.46 - - 

20.00 
0.34 
0.00 
1.33 - 
0.15 - --125.00 
0.09 

- 

SILICA SIO2 
TOTAL-FREE CARBON DIOXIDE C02 
EQUILIBRIUM CARBON PIOXILiE C02 

-TOTAL DISSOLVED SOLIDS (CALC) ---- --
TOTAL ALKALINITY AS CAC03 
CALCIUM ALKALINITY -AS --CAC03 
MAGNESIUM ALKALINITY AS CAC03 
SODIUM ALKALINITY AS CAC03 
TOTAL HARDNESS AS CAC03 
CALCIUM HARDNESS AS CAC03 
MAGNESIUM HARDNESS AS CAC03 
NON-CARDONATE HARDNESS - AS -CAC03 
CALCIUM NON-GATIONATE HARDNESS 
MAGNESIUM NON-GRDONATE HARDNESS 
PH rH UNITS 
COUILII{FtIUM PH (RHC) PH UNITS 
STABILITY It;BEX F'H UNITS 
SATURATION INDEX PH. UNITS 
TEMPERATURE DEGREES FAHRENHEIT 
CONDUCTIVITY, M:ACURED MICRCMHOS/CM 
IONIC CTPENSTH (MOLAT;) 
ION BALANCE ERROR (PERCENT) BY CONCENTRATION  

MG/L 25.68 
MG/L - -69.26-- - - - 
MG/L 48.79 
MG/L - --634.3'3--- 
MG/L 264.84 

-MG/L-
MG/L 44.84 
MG/L - 0.00 - 
MG/L 292.36 
MG/L 220.00 --- - 
MG/L 72.75 
_MG/L -2 7 :;2-  
MG/L 0.00 
MC/L 27.90 _ 

7.20 
7.20 
7.21 
0-1111 
68.00 

8~9.OD- .-
0.0122 
-6.42 

- 

* Groundwater samples for metals analysis were filtered (0.45romembrane) 

and acid preserved in the field. 



) MG/L 
-MG/L 
MG/L 
MG/L AS N 
MG/L AS P 

. . - _ • •-• 

ND(0.1) 
ND(0.05) 
6.35 

I 

. - - - • _ 
MG/L 

--MG/L 
MG/L 

- UMHOS/CM - 
MG/L 
MG/L • 

• 

_ - - - - 

/ 
- - / ---. _ ..--. 

/ 
CJA - - .109 /- 32 
BLD 128 / 9 

•• LKN - 83 / - 78 
/ 

- ~-
 

--M - - 124 -/ - 11 - 
/ 

- GMB- 85- -.4' 69 

IRON. TOTAL 
MAGNESIUM 
MANGANESE 
NITRATE 
ORTHOPHOSPHATE 
FH 
POTASSIUM 
SILICON 
SODIUM 
SPECIFIC CONDUCTANCE 1560 
SULFATE 
TOTAL ORGANIC CARBON 7.8 
--CONCLUSION--LAB NUMBER: 0102-0784A 

- - 

s81-5 
TABLE F-I2 Page  I  of  2  
CHEMICAL ANALYSES 

Observation Well: OWC - 13    

Ortho Chevron Chemical Company Plant 
Analyzed by Wilson Laboratories 
Salina, Kansas 
File No. 81-9521 
Date Received: 2 - 27-81 

r ANALYSIS CUNCENTRATION UNITS 

Sampled by: 
Woodward-Clyde Consultants 
PS, PB, CH 

Date Sampled: 2- 25-81 

Time Sampled: 13,00 

ANALYST BOOK/PAGE 
- • 

LAB NUMBER: 8102-0704A SAMPLE DESCRIPTION: OWC-13 
SPECIAL INSTRUCTIONS: NO PRCP 

DATE SANT'LED 
TIME SAMPLED 
ALKALINITY, TOTAL 
CALCIUMr BY MIA TITRATION 
CHLORIDE 
FLUORIDE  

2/25/81 / 
1300 / 

MG/L, AS CAC03 / 
161 MG/L CJA 82 / 32 
232 MG/L BLD----108 / 35 
0.145 MG/L CJA 25 / '74 

• , 

LAB NUMBER: 8102-0784B SAMPLE DESCRIPTION: OWC-13 
• - - • 

SPECIAL INSTRUCTIONS: FILTER GLASS FIBER - . - - - 

 

ALDRIN 
CHLORDANE 
4,4-DDD 
4,4-DDE 
4,4-DDT 
DIELDRIN 
ENDRIN 
HEPTACHLOR 
MALATHION 
SEVIN 
2,405-T 
TOXAPHENE 
PCP 
LINDANE 
METHOXYCHLOR 
2,4-D 
MIREX 
CAPTAN 
DIFOLATAN 
CHLOROBENEILATE 

16.3 - ---1JG/L- 
ND(1.0) UG/L 
0.30 -- UG/L 
0.35 UG/L 
ND(0.30) UG/L 
1.06 UG/L 
ND(0.40) -UG/L 
ND(0.10) UG/L 
ND(2.0) UG/L 
t3T ANAL. UG/L 
0.0 UG/L 
ND(10.0) UG/L 
ND(10.0) - UG/L 
2300 UG/L 
ND(0.0) UG/L 
1.3 UG/L 
ND(0.5) UG/L 
ND(0.20) UG/L 

- ND(20) UG/L 
ND(0.30) UG/L 

- --CJB----t32-J-21-
CJB 132 / 21 

- CJB- 132-I 21-
CJB 132 / 21 

-- CJB - 132 /-21 
CJB 132 / 21 

----DNS- - 432-1-21--
CJD 132 / 21 
CJB . 132-/-23 
CJB 132 / 21 
CJD 132 j-22 
CA" 132 / 21 

---132-J-21-
CJP 132 / 21 
CJD 132 J-21 
CJB 132 / 21 

- -CJB 132 / 21-
CJB 132 / 21 
C,~B - -132-ð-21-
CJB 132 / 21  

I 

 

• 

- 
 

GUTHION ND(100) 
DIAZINON ND10.;i)--

 METHYL ND(2.0) 
PARATHION, ETHYL ND(0.5) 
TRITHION NOT ANAL. 
PHOSDRIN (MEVINPHOS) ND(2,0) 
--CONCLUSION--LAB NUMBER: 8102-0784B • 

• 

CJB 132 / 23 
CJ8--13z J-23-
CJB 132 / 23 
CJB- 132 / 23 
CJB 132 / 21 
-CJB- 132 /-23-

UG/L 
UGAL 
UG/L 
UG/L 
UG/L 
UG/L 

t 

! l 
• 

- _ 
LAB NUMBER: 8102-0784C SAMPLE DESCRIPTION: OWC-13 

SFECIAL INSTRUCTIONS: FIL1ERED IN FIELD - - - - - 

ARSENIC 
CADMIUM 
COPPER 
ZINC 

ND(0.001) 
0.0006 
0.0032 
0.05 

MG/L - 
MG/L 
MG/L 
MG/L  

- - ---BTF --431 / 54--
BTF 131 / 57 
BTF 131 I 56 
BTF 131 / 53 

--CONCLUSION--LAB NUMBER: 8102 0784C 

- _ - • 

* Groundwater samples for metals analysis were filtered (0.45/( membrane) 
and acid preserved in the field. 
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Organophosphorous Pesticides  

The samples were prepared utilizing the same procedure described for the 
organochlorine pesticides. Since the highly selective flame photometric 
detector was used for the analyses of these compounds no confirmatory work 
has been performed. 

It was anticipated that Sevin could be analyzed with the organophosphorous 
pesticides on the nitrogen/phosphorous gas chromatograph detector. However, 
analyses of the samples indicated that interferences were present, which pre-
cluded use of the nitrogen/phosphorous detector for the organophosphorous 
compounds. The samples were then analyzed with the highly selective flame 
photometric detector operated in the phosphorous mode. Using this mode of 
operation, six phosphorous containing compounds were analyzed but Sevin could 
not be detected because the detector is not sensitive to nitrogen containing 
compounds. 

A standard has been ordered for Trithion but has not been received. The ex-
tracts can be re-analyzed for Trithion upon receipt of the standard, however, 
no unidentified peaks were observed in the analyses of the organophosphorous 
pesticides indicating that Trithion was not present. 

WILSON LABORATORIES 

Clif ord J. Baker 
Chemist 

jh 
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